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Abstract--First-year performance of high-quality (HQ), high- quality cull (HQC) and standard
(ST) northern red oak (Quercus  rubra)  nursery seedlings was compared in a study
established in a recent clearcut  in mid-March, 2000. Objectives were to test effects of 1)
seedling type, 2) planting treatment, and 3) control of competitors on the growth, browsing,
and survival of planted seedlings. HQ, HQC, and ST northern red oak nursery seedlings
averaging 109, 58, and 23 centimeters in height, respectively, were planted in three planting
treatments: 1) row planting, 2) random spacing, and 3) inter-planting with loblolly pine (Pinus
taeda). Three of 6 replicates for each planting treatment were chosen at random to receive
competition control. Analyses within seedling types indicated no statistically significant
differences between planting and competition control treatments in the first year. Differ-
ences between seedling types were much stronger. Height growth of HO and HOC
seedlings was significantly greater than that of ST seedlings. However, the incidence of
browsing of HQ and HQC seedlings was also significantly greater than that of ST seedlings.
Mortality of ST seedlings was significantly greater than HQC seedlings, but not significantly
greater than HQ seedlings. It remains to be seen whether HQ seedlings will maintain their
advantage over HOC  and ST seedlings with continued browsing, and whether differences
between planting and competition control treatments will strengthen as vegetation develop-
ment and browsing continues.

INTRODUCTION
Artificial regeneration of oak can alleviate several problems
during the early stages of regeneration such as insufficient
seed sources ,  acorn  predat ion ,  poor  germinat ion  cond i -
tions, and heavy competition. Artificial regeneration with HQ
seedlings can also be used to improve the quality of oak in
s tands  where  va r ious  fo rms  o f  m ismanagement  have
taken place. HQ or “super” oak nursery seedlings repre-
sent a promising alternative to ST seedlings for artificial
regenera t ion .  Seed l ing  charac te r i s t i cs  such  as  the  number
of coarse lateral roots and the overall size of shoots and
roots are thought to be correlated with increased survival
and competitive ability of oak seedlings after outplanting
(Kormanik  and o thers  1995,  Kormanik  and o thers  1997,
Zaczek  and  o thers  1997) .  Re la t ionsh ips  be tween nursery
prac t i ces  and  these  charac te r i s t i cs  have  been  inves t iga ted ,
and pro toco ls  have been deve loped for  produc ing seed-
l ings  tha t  meet  des i red  c r i te r ia  (Korman ik  and o thers
1994). Further, it has been demonstrated that high- and
low-qua l i t y  seed l ing  grades  can be  d is t ingu ished v isua l l y
prior to planting (Clark and others 2000). While progress
has been made in  def in ing and produc ing HQ oak p lant ing
s tock ,  s tud ies  address ing  the  per fo rmance  o f  d i f fe ren t
grades o f  seed l ings  are  l im i ted  in  number ( fo r  example
Gordon and o thers  1995,  Got tscha lk  and Marqu is  1983,
Zaczek and others 1997). Fewer still (for example Kormanik
and o thers  1997)  have documented ou tp lan t ing  resu l ts  fo r
HQ oak seed l ings  produced by  the  pro toco l  deve loped by
Kormanik  and o thers  (1994) .

Poten t ia l  l im i ta t ions  to  the  per fo rmance o f  HQ seed l ings
after outplanting are heavy competition with other woody
vegetation and white tailed deer (Odocoileus  virginianus)
b rows ing .  In tense  compet i t i on  w i th  ha rdwood  s tump
sprou ts  and  fas t -g row ing  spec ies  a r i s ing  f rom seed may
affect the development of HQ oak seedlings, despite their
la rge  s ize  and compet i t i ve  po ten t ia l  (Korman ik  and o thers
1997). Herbivory may compromise the competitive ability of
any plant species (Louda  and others 1990) and deer
browsing can combine with heavy competition to have a
synergistic, negative effect on survival. Experiences with
outp lan t ing  oak  nursery  seed l ings  in  Tennessee and
several other regions indicate that deer have a high affinity
fo r  nursery  seed l ings  (Buck ley  and o thers  1998,  Gordon
and o thers  1995,  Korman ik  and o thers  1995,  Tec law and
lsebrands 1991). Fertilization of nursery stock may make
fresh ly  p lan ted  nursery  seed l ings  more  nu t r i t i ous  than  the
surrounding native vegetation. Controlling deer browsing
is essential to establishing HQ oak plantings in areas with
h igh  deer  popu la t ions .  Repe l lan ts ,  t ree  she l te rs ,  and
fenc ing methods have been deve loped for  guard ing
aga ins t  deer  damage (Craven  and  Hygns t rom 1994 ,  No l te
and Otto 1996). Unfortunately, the effectiveness of some
repellants appears to depend on what other forage is
available, and the costs of tree shelters and fencing can be
prohib i t ive.

An a l te rna t ive  means o f  reduc ing  deer  b rows ing  may be
modi f ied  p lan t ing  techn iques  tha t  take  advantage o f
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re la t ionsh ips  be tween deer  fo rag ing  behav ior ,  the  spat ia l
a r rangement  o f  seed l ings ,  and  s t ruc tu re  fo rmed by  the
sur round ing  vegeta t ion .  In  p r io r  s tud ies  conduc ted  in
Michigan, differences in the incidence of browsing of
p lan ted  oak  seed l ings  were  documented  over  shor t
distances with differences in vegetation structure (Buckley
and o thers  1998) .  Browse damage o f  p lanted seed l ings
was far less frequent and intense in rows where red pine
(Pinus  reshosa)  seedlings were inter-planted with northern
red oak  seed l ings ,  and  wherever  compet ing  vegeta t ion
par t ia l l y  o r  comple te ly  obscured  a  p lan ted  seed l ing .  These
observations warrant further investigation, and indicate that
modification of the spatial and structural aspects of
s tandard  p lan t ing  techn iques  may he lp  reduce brows ing
l osses .

OBJECTIVES
Objectives of this study were to: 1) Compare survival,
growth, and browsing of 1-O HQ northern red oak seed-
l ing&l  -0  HQC seed l ings ,  and 1-O ST seed l ings  p lan ted in
a recent clearcut  in East Tennessee, 2) Investigate effects
of controlling woody competitors on survival, growth, and
browsing of each type of seedling, and 3) Test the viability
o f  reduc ing deer  brows ing o f  p lan ted seed l ings  by  p lan t ing
in a random pattern as opposed to a row pattern, and by
inter-planting oak and loblolly pine.

METHODS
This study was established in a one-year old clearcut  on
the University of Tennessee Forestry Experiment Station,
located near Oak Ridge in the Ridge and Valley Province of
East Tennessee. All plots were located on the upper half
of a north-facing slope. Site productivity was intermediate,
and northern red oak formed a component of the stand
prior to harvesting. Plots were laid out in an east-west line
parallel to the edge of the adjoining unharvested stand
(located up slope) to minimize bias in the entry of plots by
deer ,  and spat ia l  re la t ionsh ips  w i th  sur round ing  fo res t  and
landform  features (figure 1). A 12.2 meter buffer zone was
main ta ined be tween the  unharves ted  s tand edge and the
upper margin of each plot (figure 1). A 7.3 meter buffer zone
was maintained between all plots (figure 1.).

S ix  t rea tmen t  comb ina t ions  cons is t i ng  o f  compet i t i on
control or no competition control combined with a row
planting pattern, a random planting pattern, and a row
plant ing  pat te rn  where  oak  seed l ings  were  in ter -p lan ted
with loblolly pine were assigned at random to 3.7 x 16.5
meter plots (figure 1). Each treatment combination was
replicated 3 times for a total of 18 3.7 x 16.5 meter plots in
the study. A deer exclosure  containing a row and an inter-
planted plot was installed on the east end of the clearcut
( f igu re  1 )  to  a l low compar isons  o f  p lan ted  oak  per fo rmance
and vegeta t ion  deve lopment  w i thou t  any  b rows ing .

Row p lo ts  conta ined 30 nor thern  red  oak  seed l ings  p lan ted
in 3 rows on a 1.8 m spacing. Random plots contained 30
oak seed l ings  p lan ted  in  a  random pat te rn .  In te r -p lan ted
plots contained 30 oak seedlings in 3 rows on a 1.8 meter
spacing, inter-planted with loblolly pine seedlings. In the
inter-planted rows, a 1-O loblolly pine seedling was planted
on both sides of each oak, 0.5 meter from the oak seedling
stem (figure 1). All plots received 15 HQ northern red oak
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seed l ings ,  5  HQC seed l ings ,  and 10 ST nor thern  red  oak
seed l ings .  A l l  seed l ing  types  were  bare- roo t ,  1 -O seed-
lings. HQ northern red oak seedlings from 5 genetic
fami l ies  were  ass igned  to  p lan t ing  loca t ions  w i th in  p lo ts
in  incomple te  b locks  to  address  po ten t ia l  in te rac t ions
be tween s lope  pos i t ion  and  per fo rmance o f  each  fami ly .
HQC and ST seed l ings  were  ass igned to  remain ing
loca t ions  a t  random.  Bo th  HQ and HQC seed l ings  were
raised in the Flint River Nursery operated by the Georgia
Forestry Commission in Montezuma, GA according to a
pro toco l  deve loped for  produc ing HQ oak seed l ings
(Kormanik  and o thers  1994) .  HQ and HQC seed l ings
were  d is t ingu ished based on  the  number  o f  f i r s t -o rder
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Figure 2-Mean 2000 height growth by seedling type. Means
with different letters are significantly different based on
ANOVA  and Tukey’s HSD at the a = 0.05 level. Error bars
represent 1 S.E.

Figure 3-Mean percentage of seedlings with any type of
browse damage in 2000 by seedling type. indication of signifi-
cant differences, tests, and error bars as in figure 2.



and mortality were analyzed through ANOVA and Tukey’s
HSD us ing  da ta  poo led  over  p lan t ing  and compet i t ion
con t ro l  t r ea tmen ts .
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Figure 4-Mean 2000 percent mortality by seedling type.
Indication of significant differences, tests, and error bars as in
figure 2.

lateral roots, root collar diameter, and height (Clark and
others  2000) .  ST seed l ings  were  nursery- run seed l ings
obtained from a Tennessee nursery. Mean heights of HQ
seed l ings ,  HQC seed l ings ,  and  ST seed l ings  a t  the  t ime
of planting were 109, 58, and 23 centimeters, respec-
tively.

P lan t ing  was comple ted  March  20-22 ,  2000.  Nor thern  red
oak  seed l ings  were  p lan ted  w i th  a  20  cen t imeter
diameter auger mounted on a 4-wheel  drive tractor.
Lob lo l l y  p ine  seed l ings  were  p lan ted w i th  p lan t ing  bars .
No supp lementa l  water ing  was  used.

Woody and herbaceous  compet i to rs  o f  oak  seed l ings
were sprayed with glyphosate August 1 O-l 5, 2000 in all
compet i t i on  con t ro l  p lo ts .  Oak  seed l ings  were  sh ie lded
dur ing  spray ing  to  reduce po ten t ia l  damage due to
drifting spray. Competition control treatments will be
repeated  in  subsequent  g rowing  seasons .

Initial height of all planted oaks was measured between
the soil surface and the tip of the terminal bud on the
dominant leader. Height growth for the first growing
season was  de te rmined by  remeasur ing  he igh ts  in  the
same manner as described above on October IO, 2000.
Seedl ings were ta l l ied  for  bud break and deve lopment  o f
the first growth flush on May 5, 2000 and again on June
9,  2000.  Damage due to  deer  b rows ing  was recorded on
June 9, July 21, and October 19, 2000. Both the presence
of browsing and the type of browsing (terminal leader,
la te ra l  b ranch,  o r  a  combinat ion)  were  documented.
Mortality was recorded on the same dates as browsing.
Seed l ings  were  cons idered dead when shoots  were
completely missing, or when no live buds or green inner
bark could be found on stems and at the root collar.

Pre l im inary  ana lyses  run  w i th in  seed l ing  types  ind ica ted
no statistically significant effects of planting and competi-
tion control treatments at the CY = 0.05 level. Thus,
d i f fe rences  be tween seed l ing  types  in  g rowth ,  b rows ing ,

RESULTS
Al though  p lan t ing  and  compet i t i on  con t ro l  t rea tment  e f fec ts
were not statistically significant, there was a trend toward
slightly greater growth of HQ seedlings in plots receiving
compe t i t i on  con t ro l .  The re ’were  a l so  t rends  toward  a
slightly lower incidence of browsing of HQ and HQC
seed l ings  in  in ter -p lan ted p lo ts  than in  row and random
plots, and toward greater mortality of seedlings with
compet i t i on  con t ro l  than  w i thou t .

Much s t ronger  d i f fe rences  occur red  be tween seed l ing
types in phenology, growth, browsing, and mortality. HQ
seed l ings  f lushed la te r  than  HQC and ST seed l ings .  On ly
62 percent of HQ seedlings had broken bud by May 5,
2000, compared with 98 and 97 percent of HQC and ST
seedlings, respectively. Mean height growth of HQ seed-
lings was significantly greater than that of HQC and ST
seed l ings  ( f igure  2) .  Mean he igh t  g rowth  o f  HQC seed l ings
was significantly greater than that of ST seedlings, but
significantly less than that of HQ seedlings (figure 2).

The  mean percen tages  o f  HQ and HQC seed l ings  tha t  had
any degree of deer damage were significantly greater than
the  mean percen tage  o f  ST seed l ings  showing  b rowse
damage (figure 3). As was the case for height growth,
b rows ing  o f  HQC seed l ings  was  in te rmed ia te  be tween
browsing of HQ and ST seedlings. As of June 9, 2000, 76
percent  o f  HQ seed l ings  sus ta in ing  b rowse damage had
damage to  the  te rmina l  leader ,  wh i le  b rows ing  o f  te rmina l
leaders occurred in 100 percent of HQC and ST seedlings.

October mean percent mortality of ST seedlings was
significantly greater than mortality in HQC seedlings, but
not significantly greater than HQ seedlings (figure 4).
A l though d i f fe rences  be tween p lan t ing  and compet i t ion
control treatments were not statistically significant, mean
percent mortality of ST seedlings was highest (30 percent)
in random plots receiving competition control. Twenty-
seven percent of the HQ seedlings that died and 11 percent
of the ST seedlings that died had experienced browsing.
The s ing le  HQC seed l ing  tha t  d ied  was a lso  b rowsed.

DISCUSSION AND CONCLUSIONS
L imi ted  vegeta t ion  deve lopment ,  l im i ted  lob lo l l y  p ine
seed l ing  g rowth ,  and  low leve ls  o f  b rows ing  and compet i -
tion during the first growing season may account for the
lack of statistically significant differences between planting
and  compet i t i on  con t ro l  t rea tments .  Compet i t i on  be tween
p lanted seed l ings  and o ther  herbaceous and woody p lan ts
is expected to increase with time as stump sprouts and
other vegetation continue to develop. Similarly, the impact of
competition control treatments should increase as well.
The l-0 loblolly pine seedlings planted likely had little effect
in shielding the larger planted oaks from browsing due to
their small size. Loblolly pine seedlings were only half the
heigh t  o f  most  HQ oak  seed l ings  dur ing  the  2000 growing
season.  Brows ing  was  a lso  l igh te r  than  expec ted .
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Figure I-Layout of study (a) and planting patterns (b). RO = row, RA = random, IP  =  inter-planted. CC = competition control and NC =
no competition control. Each plot contains 15 HQ seedlings, 5 HQC seedlings, and 10 ST seedlings.
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The patterns in height growth between seedling types
observed were consistent with previous predictions
(Kormanik and others 1995). Mean height growth of HQ,
HQC,  and ST seed l ings  appeared  to  be  c lose ly  cor re la ted
with seedling height at the time of planting. However,
differences in nursery practices, stem diameter, the
number  o f  f i r s t -o rder  la te ra l  roo ts ,  and  overa l l  b iomass
could have contributed to these differences as well.

D i f fe rences  be tween seed l ing  types  in  the  inc idence  o f
deer browsing may be related to differences in apparency
and nutritional value. In contrast to ST seedlings, the
shoots of HQ and HQC seedlings often extended well
above competing vegetation. This difference in canopy
position may have resulted in much greater apparency of
HQ and HQC seedlings to deer. Similar effects of under-
story vegetation have been reported previously (Buckley
and others 1998, Gottschalk and Marquis 1983). More
frequent browsing of HQ and HQC seedlings may also be
related to greater nutritional value imparted by the HQ
nursery  p ro toco l .

Several factors may have contributed to seedling mortality:
poor  m ic ros i tes ,  compet i t i on ,  b rows ing ,  and  overspray  o f
g lyphosa te .  A l l  seed l ings  were  suscep t ib le  to  po ten t ia l l y
poor  mic ros i te  cond i t ions  and compet i t ion  p r io r  to  app l i ca-
tion of the competition control treatment. Browsing may
have played a role in the mortality of a percentage of
seed l ings ,  par t i cu la r l y  HQ seed l ings .  Acc iden ta l  app l i ca t ion
of glyphosate killed several small ST seedlings hidden by
vegetation in plots receiving competition control, particularly
in  random p lo ts .

Based  on  f i r s t -year  resu l t s ,  HQ seed l ings  appear  mos t
promising in terms of growth, although survival was
grea tes t  fo r  HQC seed l ings .  The  consequence  o f  the
heav ier  b rows ing  exper ienced by  HQ seed l ings  remains  an
impor tan t  ques t ion .  Whether  these  seed l ings  a re  success-
ful in rapidly escaping the reach of deer, or whether
repeated  brows ing  w i l l  compromise  the i r  advantage over
ST seed l ings  i s  unknown.  Brows ing  may  be  o f  m in ima l
impor tance  on  some s i tes ,  bu t  deer  popu la t ions  a re
inc reas ing  in  par ts  o f  Tennessee  and  e lsewhere .  I t  a l so
unclear whether effects of planting and competition control
t rea tments  w i l l  s t reng then .  Long- te rm mon i to r ing  o f
seed l ing per formance is  p lanned.
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CONTAINER SIZE AND FERTILIZATION AFFECT NURSERY
COST AND FIFTH-YEAR FIELD

PERFORMANCE OF CHERRYBARK OAK

Kirk D. Howell and Timothy B. Harringtonl

Abstract-Successful regeneration of bottomland hardwoods relies on the production of
vigorous, plantable, and affordable stock by commercial nurseries. To quantify nursery
cultural influences on subsequent field performance of cherrybark oak (Quercus  pagoda
Raf.), seedlings were grown in a greenhouse in small, medium, or large containers for three
months with or without fertilization. In December 1994, seedlings were planted at a
bottomland site near Milledgeville, GA with or without removal of the container soil as a
method to reduce transport and planting costs. Estimated costs per thousand seedlings for
these practices were about $1225, $560, and $185 for large, medium, and small containers,
respectively. A 30 percent profit margin was added to each price. The incremental cost of
fertilization per thousand seedlings was about $12, $6, and $2 for large, medium, and small
treatments, respectively. Cost savings from container soil removal were substantial for the
large containers, and savings decreased with decreasing container size. Five years after
planting, survival of seedlings from large containers (97 percent) was significantly greater
than that from small containers (85 percent). Soil removal was associated with reductions
in seedling survival, but only in the absence of fertilization. Stem diameter and height of
seedlings from small containers were less than those of seedlings from medium and large
c o n t a i n e r s ,  a n d  t h e y  w e r e  a l s o  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  presence versus  absence o f
fertilization. Fifth-year seedling size did not vary significantly between levels of soil removal.
Nursery and fifth-year cost efficiencies were greatest for fertilized, soil removed, medium
containers and for fertilized, small containers.

INTRODUCTION
Large  seed l ings  a re  recommended fo r  success fu l  a r t i f i c ia l
regeneration of oak (Ruehle and Kormanik f986), but high
cost and difficulty of planting them can greatly limit cost
effectiveness and applicability of this method of regenera-
tion. Poor performance of planted oaks probably reflects
the  need fo r  improvements  in  bo th  nursery  and p lan t ing
technology. It is one thing to grow an ideal oak seedling to a
sapling size in one or two years, but then to correctly plant
the  propor t iona l  roo t  mass  can impose qu i te  the  endur -
ance tes t  (Bowersox  1993) .  P lan t ing  speed and qua l i t y
under  these  cond i t ions  can  be  compromised ,  espec ia l l y
when specifications require holes in difficult soils greater
than 15  cent imeters  depth .  Large  seed l ings  w i th  p ropor -
tionately sized root systems cannot be correctly and
efficiently planted unless they are undercut at lifting, root-
pruned at the time of planting, or the planting hole is of
sufficient size to accommodate the extensive root system.
Un less  roo t  a l te ra t ion  i s  per fo rmed,  p lan t ing  seed l ings  w i th
roots larger than the hole will result in either root deforma-
tion (Haase et al.  1993) or root desiccation because of
shal low p lant ing.

The field applicable alternative may best be found in root
confinement, rather than in root alteration -, i.e., growing
seedlings with root systems designed to fit the planting
tool, instead of reducing the size of the root system to
accommodate the planting tool. The former attempts to

prevent rooting excess, while the latter attempts to correct
the  p rob lem.  Conta iner ized  seed l ings  have shown
success in survival and growth, and a further incentive of
root confinement should be to facilitate the planting of
la rge  s tems.  Another  incent ive  fo r  con ta iner iz ing  seed l ings
is to permit managers to plant late into the season, and to
main ta in  more  o f  a  th ree-d imens iona l  roo t  conf igura t ion
after planting.

It is not clear how containerized seedlings will fare when
planted as bareroot  stock, or how such procedures will
affect cost of planting or nursery production. In an attempt
to address these issues, a study on cherrybark oak was
in i t i a ted  to  compare  f i e ld  pe r fo rmance ,  assoc ia ted  cos ts
of nursery production and planting, and cost efficiency of
among t rea tments  tha t  inc luded  d i f fe rences  in  con ta iner
size, nursery fertilization, and removal of container soil at
the time of planting.

MATERIALS AND METHODS
In a greenhouse on the University of Georgia campus,
Athens GA, seeds of cherrybark oak were sown July 1994
in small, medium, or large containers (3.5, 6.5, and 11.5
centimeter diameters, respectively) and grown for 3
months. A randomly selected half of the seedlings
received a weekly fertilization treatment with a water
solution of 20N  20P 20K. A total of 100 seedlings were
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cultured for each of the six treatments (three container
sizes x two fertilization levels). In October 1994, seedlings
were moved to an open-air enclosure to stimulate the
onset of dormancy. The planting site, a O.l-hectare area
fenced to prevent deer browse, is located on an aban-
doned field in the lower flood plain of the Oconee River
near  Mi l ledgev i l le  Georg ia .  Compet ing  vegeta t ion  was
suppressed with a broadcast application of a 2 percent
water solution of Accord@ (glyphosate) herbicide in July
1994. Prior to planting, seedlings were randomly as-
signed to either removal or retention of container soil as a
test to reduce transport and planting costs. In December
1994, seedlings were planted with a hoedad  at a spacing
of 0.5 x 1.8 meters. The experimental design is completely
randomized w i th  th ree  rep l i ca t ions  o f  13  seed l ings  fo r
each of the twelve treatments, a total of 468 seedlings.
Survival, basal stem diameter, and height of each seed-
ling were measured one, two, three, and five years after
planting. A per-hectare value of total stem volume (cubic
dec imete rs )  was  ca lcu la ted  fo r  each  t rea tment  rep l i ca t ion
assuming a  p lan t ing  dens i ty  o f  750 seed l ings  per  hec tare .

The re ta i l  p r ice  requ i red to  produce a  thousand seedl ings
was estimated for each treatment using real cost informa-
tion from an undisclosed nursery. The price equaled the
seedling cost at planting plus the cost of planting. We
assumed a  nursery  tha t  con ta ined 7500 square  meters  o f
p roduc t ion  space (15  greenhouses) .  Conta iner  d iameter
determined capacity of container production. Fixed costs,
inc lud ing  sa la r ies ,  insurance,  dues ,  research  and
deve lopment ,  land ,  bu i ld ings ,  and  supp l ies ,  were  as-
sumed to be influenced by greenhouse capacity. Treat-
ment - re la ted  cos ts  inc luded fe r t i l i ze r  and  app l i ca t ion
costs, labor and materials for packaging, transport and
storage of seedlings as affected by container size, and
labor  and  mater ia ls  assoc ia ted  w i th  con ta iner  so i l
remova l .  The pr ice  per  thousand seed l ings  inc luded 30
percent profit. Field costs, such as the purchase price of
land and costs of site preparation, were not included in
this analysis. Costs were compounded for five years
assuming an eight percent interest rate. The ratio of
nursery cost (dollars per hectare of planted seedlings) to
s tem vo lume y ie ld  (cub ic  dec imete rs  per  hec ta re )  was
calculated to provide an index of cost efficiency.

RESULTS AND DISCUSSION
In the nursery, we achieved almost 100 percent stocking of
growing space. Five years after planting, survival of
seed l ings  f rom la rge conta iners  (97  percent )  was
significantly greater than that from small containers (85
percent). Unfertilized, soil intact seedlings were also
s ign i f i can t l y  lower  in  numbers  (83  percen t )  as  compared
to the other treatment combinations, which is to be
expected from nutrient deficient seedlings, but these
results seem counterintuitive since the soil was left intact.
From the nursery, fertilized seedlings from large and
med ium con ta iners  were  s ign i f i can t l y  g rea te r  in  d iameter
(4 millimeters), height (32 centimeters), and yield (2.2
cub ic  dec imeters  per  1000) .  Seed l ings  f rom the  la rge  and
med ium conta iner  s izes  remained s ign i f i can t l y  la rger  than
those from small containers by year one, and as expected,
fe r t i l i zed  seed l ings  remained s ign i f i can t ly  la rger  than
those not fertilized. By year five, fertilized seedlings from

large  and med ium conta iners  remained s ign i f i can t ly
grea ter  in  d iameter  (43  mi l l imeters ) ,  he igh t  (338 cent ime-
ters), and yield (1.84 cubic meters per hectare). Initial stem
diameters ( < 5 millimeters) and heights ( < 50 centime-
ters )  were  sma l le r  than  those  cur ren t l y  recommended fo r
ar t i f i c ia l  regenera t ion  (Rueh le  and Kormanik  1986) .

Full stocking of growing space in the nursery seedbed  or in
the field is critical if costs are to be minimized. Increasing
seedbed  density or maintaining survival favors the cost
side of the equation. All fixed costs (wages, salaries,
investments, etc.) were to be recovered in the pricing of the
product. The fixed costs to grow 600,000 stems in large
size containers carried a relative charge per thousand
seedlings of $1003, $451 to grow 1,333,OOO  stems in
medium size containers, and $142 to grow 4,267,OOO
stems in small size containers. Since there was near 100
percent stocking in the nursery, the quantity sown was the
quantity harvested. If stocking had been less, nursery fixed
costs would have increased to cover this shortfall.

Variable costs, also affected by the quantity supplied, were
most influenced by fertilization and soil removal. Fertiliza-
tion had little impact with values of $12, $6, and $2 per
1000  seed l ings  fo r  la rge ,  med ium,  and  sma l l  t rea tments ,
respec t i ve ly ,  represen t ing  the  combined  supp ly  and
application costs of fertilization. Regardless of the capacity,
the cost of fertilization is a small price to pay for the yield
increase resulting from it. Soil removal, on the other hand,
displayed the greatest cost impact on materials saved. Soil
and  amendment  cos ts  were  ca lcu la ted  by  de te rmin ing  the
cost required to replace either 100 percent of the material
(soil intact), or IO percent of the material (soil removed)
every year for each container size treatment. At $1 for every
50 pounds of material, the relative costs figured to be $28,
$30,  and $24 per  1000 seed l ings  for  la rge,  medium,  and
small soil intact treatments, respectively, but only 10
percent of these costs were charged when soil was
removed. The assumption is that sterilized soil and
amendments will be reused from year to year in the soil-
removed situation, and only 10 percent of which needs to
be replaced.

Seed sowing costs were affected by the time required to
sow seed into containers. Relative times in seconds to
prepare and fill 20 containers with soil and to sow seed
were about 320, 200, and 120 seconds for large, medium,
and small containers, respectively, which translates into a
sowing cost of $45, $27, and $18 per thousand, respec-
tively. The rate of pay to the laborer was determined to be
$10 per hour, and this wage remained the same with all
operations involving the use of time.

Nursery transport costs were calculated according to the
amount of time required to move a load 100 feet in three
minutes, and transporting in the nursery was performed in
two trips (from the head house to the greenhouse position
after sowing, and from the greenhouse to the packing
house at harvest time). The cost per 1000 seedlings to
move large containers was calculated to be about $56 with
nine containers per trip, about $25 with 20 medium
containers per trip, and about $10 with 50 small containers
per trip.
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Packing materials were affected by the relative size of
seedlings and whether or not soil was left intact. The
amount  o f  seed l ings  to  equa l  30  pounds  was  the  c r i te r ia
utilized, and thus the heavier the seedling, the larger the
quantity of bags required. The cost of bags ($1) includes
the costs involved in the packaging operation. All soil
removal treatments, regardless of container size, carried a
s imi la r  bag charge (about  $2  per  1000 seed l ings) ,  w i th  an
average  o f  500  seed l ings  per  bag .  However ,  pack ing  cos ts
with heavier, soil intact seedlings, were about $80 per 1000
seedlings for the large, $39 for the medium, and $10 for the
sma l l  con ta ine r  s i zes .

The total nursery costs (fixed and variable) were figured to
be about  $1225,  $560,  and $185 per  1000 seedl ings for
large, medium, and small containers, respectively. With the
additional 30 percent profit margin included for pricing each
treatment, the values increased to about $1590, $730, and
$240 per  1000 seed l ings  fo r  la rge,  med ium,  and smal l
containers, respectively. Prices became the relative costs of
the  seed l ings  purchased  fo r  p lan t ing .  Thus ,  to  express
seed l ing  pr ice  per  hec tare ,  reduce the  nursery  seed l ing
price by 25 percent (assuming 750 stems per hectare).

The planting operation involved the cost of carrying seed-
lings to their respective positions to be planted (determined
by the weight of the load) and the time (seconds per
seedling) it required to plant them. Each of these integrated
tasks (involving weight and time) in the planting operation
was equally allocated. The wage paid to the worker in the
field was $15 per hour, as opposed to the $10 per hour
nursery  wage.  Each  so i l  remova l  t rea tment ,  regard less  o f
container size, carried similar costs for planting, with a fifth
year of compounded cost of $25 per hectare. Treatments
with soil left intact, however, constrained the planting
operation to differ greatly with container size, with fifth year
costs of about $139, $85, and $34 per hectare for large,
med ium,  and  sma l l  con ta ine r  s i zes ,  respec t i ve l y .  Remov ing
soil from the seedlings of small container does not offer
the same reduction in planting costs as it does from those
seed l ings  o f  med ium and la rge  conta iners .

There were other plantation costs that could be assessed,
e.g., site preparation and land costs, but these types of
costs were not factors in our study because they had no
influence on our treatments. Therefore, total fifth-year
plantation costs, involving only the cost of seedlings and
p lant ing  them,  were  about  $1335,  $630,  and $220 per
hectare for large, medium, and small container sizes,
respectively.

The nursery treatments having the greatest cost efficiency
were those of medium, fertilized, soil removed ($277 per
cubic decimeter), and small, fertilized ($247 per cubic
decimeter). Fifth-year results indicated similarly the lowest
values of cost efficiency for fertilized, soil removed, medium
containers ($285 per cubic meter), as for fertilized, small
containers ($272 per cubic meter). It is interesting to note
that the large, fertilized, soil removed treatment by year five
was great enough in yield (2.47 cubic meters per hectare)
to overcome a relatively large seedling and planting cost
($1261 per hectare), and displayed a cost efficiency ($510
per cubic meter) almost equal to that of the unfertilized,

small containers ($468 per cubic meter). This illustrates
how exce l len t  seed l ing  per fo rmance  f rom expens ive
seedlings can, after five years, “catch up” with inexpensive
seedlings that have lagged in growth.

CONCLUSION
Successful artificial oak regeneration involves many factors
that carry both cost and yield implications. Representation,
both in the nursery and in the field, is a critical factor which
deals with the quantity supplied to the market, dictating the
price to be attached to the product (Tomek and Robinson
1990). The productivity of an operation, which we have
attempted to demonstrate here, can be increased by: 1)
increasing seedling density in the allocated space; 2)
improve  percen t  emergence a f te r  sowing ;  and  3)  ma in ta in
high survival percentages after germination or after planting
in the field. However, It has been shown in this study, as in
others (South 1993),  that stem diameter is typically reduced
when seed l ings  are  grown a t  h igh  dens i t ies ,  and th is  has
an  impac t  on  long- te rm p lan ta t ion  success .

The quality of the product, other than the genetic properties,
was expressed in terms of seedling size or stem yield (i.e.,
p ropor t iona l  a l loca t ions  o f  mean d iameter  and he ight  were
described in the stem volume equation), but quality cannot
be completely evaluated without attempting to evaluate the
entire process of production. Stem yield is much easier to
describe and evaluate statistically, than is the estimation of
the costs associated with production, which may explain
why cost accounting is often avoided. This is acceptable
when the study is strictly biological. In this study of applied
science, however, hypothetical cost estimation involved
many cost assumptions (e.g., costs of labor, nursery
space, supplies, etc.). Assumptions can be most credible
when der ived  f rom empi r i ca l  opera t ions ,  and our  es t imates
for each treatment utilized real cost information from an
undisclosed nursery. It was where no operation or empiri-
cal data exists that values must be derived from factors of
time, volume or weight. Valuation must be revised, there-
fore, from time to time, place to place, and according to
cur rent  knowledge.

While the small and medium, fertilized treatments were
optimum in cost efficiency, the large, fertilized, soil removed
t rea tment  showed g rea t  p romise  in  overcoming  the
excess i ve  cos ts .  The  che r ryba rk  oak  benchmarks  es tab -
lished here have shown fifth-year yield results that could
arguab ly  be cons idered morpho log ica l ly  e igh t  years  o ld
according to plantation standards (Kennedy 1993)  or ten
years old when grown under natural conditions. Moreover,
this benchmark offers a challenge to future research to
produce the same or better yield, and also to eliminate any
ex?reme  costs attached to production (Howell 2002). We
have yet to accurately and completely test the limits of
nursery and plantation cost efficiency.

When one wishes to compare studies from place to place
or from time to time, other costs pertinent to production
must be evaluated. Protecting the seedlings in our study
was cost prohibitive in practice (several thousand dollars
per  hec tare  depend ing on the  mater ia ls  used) ,  and the
inclusion of costs like this can dilute the gains perceived.
Nevertheless, one could argue that expensive, and
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perhaps  non-app l i cab le ,  methods  mus t  be  e l im ina ted  to
promote  la rge-sca le  regenera t ion  o f  cher rybark  oak .

As natural oak stands are depleted and the demand for
oak  p roduc ts  r i se ,  there  w i l l  be  an  inc reased emphas is
toward higher productivity on a given land base. If land
owners or managers are to invest in the oak stand,
con f idence  mus t  be  es tab l i shed  tha t  v igo rous  s tems w i l l
be efficiently purchased and planted, that costly proce-
dures will not be required to ensure survival, and that
steady growth will secure high future stem yield and
p lan ta t i on  success .
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EFFECT OF SEEDLING SIZE AND FIRST-ORDER
LATERAL ROOTS ON EARLY DEVELOPMENT OF

NORTHERN RED OAK ON A MESIC SITE:
ELEVENTH-YEAR RESULTS

Paul P. Kormanik, Shi-Jean S. Sung, Donald Kass,
and Stanley J. Zarnochl

Abstract-The effect of initial first-order lateral root (FOLR) groupings of northern red oak
(Quercus rubra) seedlings on a high quality mesic site was followed for eleven years on a
shelterwood and a clearcut  area. The initial FOLR number groups were empirically deter-
mined as low (0 to 6)  medium (7 to 12) and high ( 12). The shelterwood overstory was
removed before the beginning of the eighth growing season and a circle (0.9 meter radius)
was released around individual oaks in the clearcut. Individuals in the clearcut responded
favorably to release, with some obtaining 6 to 8 meter in height by age 11. After the same
period mean height from the shelterwood plantings was about 60 centimeter more than their
initial height in 1990. It appears that large thrifty northern red oak seedlings can be estab-
lished in properly controlled clearcut areas provided post harvest control of stumps is
completed in a timely fashion. The shelterwood system with artificial regeneration does not
appear to be a viable regeneration alternative as tested here.

INTRODUCTION
The basic tenets for northern red oak (NRO) (Quercus
rubra)  regenerat ion have been descr ibed by  Sanders
(1971, 1972). Working on lower quality sites in the central
s ta tes ,  he  c lea r l y  es tab l i shed  tha t  success fu l  regenera t ion
depended a lmos t  exc lus ive ly  on  the  p resence  o f  advanced
oak  reproduc t ion  when the  mature  s tand  was  harves ted .
On  s i tes  where  the  research  was  comp le ted ,  fas te r
g rowing  compet ing  spec ies  were  a  minor  p rob lem a t  bes t .
However ,  ob ta in ing  the  necessary  advanced oak  reproduc-
tion proved to be time consuming and difficult. Research
after Sanders’ was directed at various methods of obtain-
ing  adequate  advanced reproduc t ion  by  a t tempt ing  to
combine  bo th  na tu ra l  and  var ious  combina t ions  o f  a r t i f i c ia l
regeneration (Johnson 1993, Loftis  1983). This later
research was applied to high quality mesic sites as well as
s i tes  comparab le  to  those  on  wh ich  Sanders ’  research
was completed. The use of the shelterwood system to
encourage the deve lopment  o f  advanced natura l  regenera-
tion became the norm on these higher quality sites as
clearcutting in any form became vilified by many unin-
fo rmed ind iv idua ls .  In  add i t ion ,  var ious  combina t ions  o f
root/top pruning of nursery stock were extensively tested to
improve their growth performance and, to increase the
number  o f  NRO a f te r  she l te rwood was  removed.

Eventually, it became apparent that competition from faster
growing species made it very difficult to maintain a viable

presence of NRO on the desirable mesic sites and NRO’s
fu tu re  on  these  s i tes  became ques t ionab le  (McGee and
Loftis  1986). Kellison (1993) most recently suggested that
if new technology was not soon developed then NRO may
become the  “Ca l i fo rn ia  Condor ”  o f  the  eas tern  dec iduous
f o r e s t s .

The initial objective of this research was directed at
de te rmin ing  whether  the  nursery  fe r t i l i t y  p ro toco l  deve loped
at  our  research center  cou ld  produce “advanced oak
regeneration“ in the nursery in a single growing season. A
secondary objective was to determine if a first-order lateral
roo t  (FOLR)  g rad ing  sys tems p rev ious ly  used  fo r
sweetgum  could be modified to select the best oak
seedlings for outplanting in both a clearcut  and
shelterwood operation on a high quality mesic site.

METHOD
Two adjacent areas on the USDA Forest Service’s Grandfa-
ther Ranger District on the Pisgah National Forest, 12
miles northwest of Marion, NC, were used in this study. The
site index for yellow poplar (Lirodendron  tulipfera)  was
approx imate ly  100 (base age 50) .  The main  c rown canopy
was a mixture of northern red oak, white oak (Q. alba),  red
maple (Acer  rubrum),  and yellow poplar. The clearcut  area
to be used for NRO enrichment planting was a small
segment of a larger harvested area. The shelterwood area
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was immediately across the road from the clearcut  area
and had essentially the same species composition. For the
underplanting, basal area was reduced by 30 percent to
20.44 meter*/hectare,  primarily by removing the intermedi-
ates and suppressed trees from the canopy level and all
ind iv idua ls  occur r ing  in  the  subcanopy  leve l .

Acorns were collected from the Forest Service’s Wataqua
Seed Orchard  in  eas tern  Tennessee.  The seed l ings  were
grown at the Institute of Tree Root Biology’s (ITRB)
Whitehall Experimental Nursery, Athens, GA during the 1989
growing season,  us ing  a  hardwood nursery  p ro toco l
(Korman ik  and o thers  1994) .  The seed l ings  were  l i f ted
dur ing February  1990 and outp lanted in  March 1990.  When
lifted, the seedlings were placed in one of three groups,
low, medium, and high, based upon FOLR numbers. First-
order lateral roots were defined as roots with basal
d iameter  exceed ing  1  mi l l imeter  a long  the  f i r s t  30  cen t ime-
ter of taproot  below the root collar. The low, medium, and
high groups had FOLR numbers of 0 to 6, 7 to 11, and 12,
respec t i ve ly .  Roo t  co l la r  d iamete rs  (RCD)  and  he igh ts  were
recorded fo r  each  seed l ing .  Each la te ra l  roo t  was  t r immed
to approximately 15 centimeter and taproots  were pruned to
30 cent imeter  be fore  seed l ings  were  outp lan ted.

The clearcut  and shelterwood areas were each considered
as randomized  b lock  des ign .  E igh t  b locks  were  la id  ac ross
the contour in each of the two areas and 10  trees from each
FOLR group were shovel planted at 1.5 meter by 3.1 meter
spac ing  in  ad jacen t  rows .  The  spac ing  was  ma in ta ined
with only minor adjustments due to large stumps. All
standing trees, regardless of size in the clearcut  area were
fe l led  be fore  p lan t ing  bu t  no  subsequent  vegeta t ion  cont ro l
measures  were  taken  un t i l  the  seventh  g rowing  season.
Mechan ica l  con t ro l  in  the  she l te rwood area  removed a l l
subcanopy trees as well as specific canopy trees overlap-
p ing natura l ly  regenerated nor thern red oak seed l ings on
the periphery of the planted area. No subcanopy oak was
present, but none of the naturally regenerated oak in the
main  canopy  was  removed when she l te rwood was
es tab l i shed .  No  s ta t i s t i ca l  ana lyses  were  pe r fo rmed  to
compare clearcut  with shelterwood because each was an
independent  randomized b lock  exper iment .  In  add i t ion ,  no
s ta t i s t i ca l  compar isons  were  done  fo r  FOLR group ings  due
to the presence of stump sprouts and different degree of
insect infestation between the two areas.

Survival data were obtained after the first growing season
in 1990. Survival, RCD, and height were also obtained after
the Yh  year (1994) and potentially dominant individual oak
in the clearcut  were identified. Competing vegetation
density was recorded from three positions in each block
during the .Yh year measurement. Five artificially regener-
ated trees were excavated after the 51h  growing season
from both the shelterwood and clearcut  areas to examine
roo t  deve lopment  charac te r i s t i cs .

All artificially established individuals in both areas were
measured prior to the 71h  growing season. In the beginning
of the 71h  growing season (1997),  the clearcut  was released
with a silvicide by establishing circles of 0.9 meter radius

around each remain ing dominant  or  co-dominant  p lanted
NRO seed l ings .  The  she l te rwood re lease  was  de layed
until the 81h  year prior to the spring flush. Prior to crown
remova l ,  a l l  su rv iv ing  NRO seed l ings  were  consp icuous ly
identified by flagging on the stems and tags attached at
ground line to permit post harvest identification. The felling
was such that whenever possible the tops were felled
toward the outer boundary in an attempt to minimize
damage to the surviving seedlings. In winter following
she l te rwood remova l  and comple t ion  o f  one growing
season, individuals were placed into six groups as follows:
1. dead; 2. undamaged; 3. top one-third stem damaged; 4.
top  two- th i rds  s tem damaged ;  5 .  s tem miss ing ,  sp rou t ing
from root collar; and 6. stem flat on ground, sprouting along
entire length. The entire study was re-measured at this
time and again after 3 years post release in January 2001.

RESULTS AND DISCUSSION
Basically, even with supposedly high quality seedlings, the
shelterwood method proved to be unsatisfactory on this
h igh  qua l i t y  s i te .  Comparab le  resu l ts  have been repor ted
and have resulted in the misconception that artificial
regeneration is not a viable option for NRO on those quality
sites (Johnson 1993, McGee and Loftis  1986).

Performance of NRO seedlings in the clearcut, was very
good even after a very shaky beginning. Indeed, several
unanticipated factors significantly affected this experiment.
The first, was a massive infestation of the 17 year locust
(Magicicada  septendecim)  that severely damaged almost
all 240 seedlings in the clearcut  toward the end of the
second growing season. However, only the artificially
regenerated oak seedlings in the clearcut  were affected
while none of the oak seedlings in the shelterwood were
attacked. No other species were damaged by this locust
infestation. The second factor was the intense competition
f rom un t rea ted  s tumps and newly  germina ted  seed l ings  o f
Carolina silverbell (Halesia  carolha),  red maple, and
yellow poplar in the clearcut  which continued unabated
throughout  the  p re- re lease seven growing  seasons .  The
final item, occurred one year post harvest when a leaf
mining maggot (Agromyza  viridula)  attached the newly
emerging leaf of only the NRO individuals in the clearcut.
These  maggo ts  essen t ia l l y  e l im ina ted  a  g rowth  response
during the first year post release. In contrast, the individuals
in the shelterwood were free of disturbing factors.

Seedling Survival
Survival following the first season was 100 percent in both
the clearcut  and shelterwood understory plantings for all
three FOLR groups of seedlings (table 1). The second year,
locust damage was so extensive on seedlings in the
clearcut  that their long term survival appeared to be in
doubt. Many stems were severely damaged over half to
two-thirds of their height and lost much of the height
advan tage  over  newly  germina ted  compet i to r  spec ies .
Mortality rate accelerated during the third season but
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Figure l-Percentage tree damage by grade in shelterwood
planting after shelterwood removal.

stabilized by the initial re-measurement at age 5 (table 1).
Seedling FOLR grouping really had no effect upon survival
in the clearcut  as survival was determined primarily by
effects of the locust damage. Intense stump sprout
competition also increased mortality in the clearcut  site.

In the shelterwood most seedlings from all three FOLR
groupings were intact at the 51h  year measurement (table
1). A total of 20 trees had not survived in the shelterwood at
age 5. Of these 20, 16 were low FOLR group, two in the
medium group, and two in the high group. Survival re-
mained relatively constant from the 5rh  to the 71h  growing
season for the high FOLR group but the individuals from
the medium FOLR group were reduced in number to a
greater extent than those from the clearcut  (table 1).
Survival did not change appreciably between the !Yh and 7m
year in the clearcut  planting area. Release resulted in no
accelerated mortality only for high group in the clearcut  in
the llth year. Shelterwood removal resulted in considerable
mortality in all three FOLR groupings. It also resulted in
stem damage that is affecting the competitive potential of
the surviving seedlings. The survival as well as the dam-
age ca tegor ies  recogn ized  a f te r  canopy  remova l  a re  shown
in figure 1. Less than one-third of the individual stems were
undamaged and a l l  o thers  exper ienced cons iderab le  s tem

Table l-Northern red oak survival percentages by
first-order lateral root groupings from clearcut  and
sheltetwood plantings

__________ Clearcut  _______ ______ Sh&te~ood _____

Survival High” Medium Low High Medium Low
r a t e

1”’ year 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
51h year 6 8 6 6 6 3 9 8 9 8 8 0

71hyear 6 6 6 3 5 9 9 6 7 8 7 5
lllh year 6 3 5 5 4 8 8 6 6 0 6 8

“High  = 12; Medium = 7-11; Low =  O-6 first-order lateral root
n u m b e r .

damage that will in both the short and long-term affect
their survival (figure 1).

Compet i t i ve  S ta tus  o f  Na tu ra l  Regenera t ion
Most of the naturally regenerated oak seedlings in the
clearcut  and shelterwood were less than 30 centimeter
tall when the study was initiated and few were alive by age
7. Although we did not make an exhaustive survey,
natura l ly  regenera ted NRO seed l ings  were  rare ly  ob-
served at year 7 or 11. We do not know whether this
situation occurred due to limited mast production or
insufficient sunlight for seedling development or both. In
neither the shelterwood nor the clearcut, would natural
nor thern  red oak regenerat ion deve lopment  have been
sufficient for this species to be more than a minor or
occas iona l  component  on  th is  h igh-qua l i t y  mes ic  s i te .
Artificial regeneration in the clearcut  has altered this
possibility through at least age 11, and indicates artificial
regeneration may play a role in maintaining a viable
population of NRO on these high quality mesic sites.

Shelterwood
One of the objectives of a shelterwood is to limit sunlight
tha t  wou ld  encourage deve lopment  o f  compet ing  spec ies
yet provide sufficient sunlight for the NRO seedlings to
become es tab l ished.  The or ig ina l  basa l  a rea reduct ion
was effective through the 7% year, such that no low or mid-
c rown canop ies  had deve loped.  However ,  even the  h igh
FOLR grade  seed l ings  have  no t  deve loped sa t i s fac to r i l y
either before or post canopy removal. Height growth was
minimal and RCD through the .Yh year remained essen-
tially unchanged from their initial caliper. The 7th  year DBH
measurements  were  un impress ive .  The  poor  per fo r -
mance resu l ted  in  the  dec is ion  to  remove the  she l te rwood
before  the  acce lera t ing  dec l ine  o f  ind iv idua ls  worsened.
Prior to release, low FOLR group of seedlings was the
smallest and they were spindly, although some of these
above 1 .0  meter  might  be  cons idered “advanced”  repro-
duction. (Loftis  1983, Sanders and Graney 1993). Charac-
teristics of all shelterwood seedlings is that only a few
leaves developed annually throughout the 7 years. Even
on the  la rges t  seed l ing ,  se ldom have we observed more
than 20 to 30 leaves. Tip dieback  has occurred several
times on most of the seedlings but dieback  to ground
level was not observed prior to release. Partial dieback
was not associated with any particular FOLR group. Poor
vigor of the low and medium FOLR grades appeared to be
responsible for mortality that occurred between the 51h  and
7th  year. The seedlings within a specific FOLR grouping
were uniform in size and mortality did not appear to be
related to their initial sizes.

Account ing  fo r  seed l ing  response pos t  re lease  by  FOLR
group ing  was  d i f f i cu l t .  Th is  i s  because  seed l ing  damage
did not appear to be related to their heights. Thus, when
eva lua t ing  the  she l te rwood t rea tment ,  we  combined  a l l
ind iv idua ls ,  regard less  o f  in i t ia l  FOLR group ings  fo r
comparing initial seedling heights with 71h  year pre-
release and 3 years post harvest (table 2). All initial mean
he igh ts  met  o r  exceeded s tem morpho log ica l  cond i t ions
cons idered acceptab le  fo r  advanced regenera t ion  o f  NRO.
Oak regeneration is not satisfactory in this shelterwood
wi th  a  max imum growth  response  o f  on ly  60  cen t ime te r
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Table 24nitial,  seventh year pre-harvest and eleventh year post-harvest mean heights and stem condition
of northern red oak 3 years after shelterwood removal

Before  She l terwood Post-
Remova l ha rves t

2000 Stem cond i t ion
Initial Ht 71h  Year Ht 1 llh  Year Ht

1990 (cm) 1997 (cm) 2000 (cm)

D e a d
U n d a m a g e d
Top l/3 stem damaged
Top 213  s tem damaged
Stem missing - sprouting
from root collar
Stem flat on ground - 141 1 9 3 1 0 3

95 1 4 0 0
101 141 1 6 3
105 1 3 9 115
117 1 6 0 9 6
1 0 8 1 4 5 8 4

sprou t ing  a long leng th -
for 11 years (table 2). These results are typical for NRO
responses in a shelter-wood and have contributed to
ar t i f i c ia l  regenera t ion  be ing a  quest ionab le  recommenda-
t ion.

FOLR groups were 50, 40, and 30 centimeter, respectively
(figure 2). The tallest seedlings were 280, 200, and 170
centimeter for each FOLR group, respectively. Three years
pos t  harves t  showed the  mean he igh ts  rema ined  essen-
t ia l l y  the  same or  were  reduced somewhat  fo l low ing
shelterwood removal (figure 2). All seedlings under the
she l te rwood deve loped poor ly  and pre- re lease data
ind ica te  few seed l ings  were  la rge enough to  obta in  DBH
measurements .  Three  years  pos t  re lease  DBH deve lop-
ment was still unsatisfactory mirroring the lack of RCD
growth for the first 5 years under the shelter-wood (figure 3).

Trees excavated from the shelterwood after year 5 showed
that  FOLR numbers  had dec l ined fo r  each seed l ing
examined .  Th is  was  re la t i ve ly  unexpec ted .  Underp lan t ing  o r
she l te rwood regenera t ion  assumpt ions  a re  tha t  the
re leased seed l ings  or  newly  deve loped seed l ings  w i l l
develop a vigorous root system and be competitive when
the stand is harvested even if top is damaged during
canopy removal. It has been reported that unfavorable
edaph ic  o r  env i ronmenta l  cond i t ions  such as  low l igh t
intensity can result in a reduction in FOLR numbers and
vigor with a preferential carbon allocation to the taproots  at
the expense of the lateral roots in NRO and white oak
seed l ings  (Kormanik  and o thers  1995,  Sung and o thers
1998) as well as in loblolly pine trees (Sung and others
1996). Eventually, however, taproots  begin to deteriorate
and seed l ing  mor ta l i t y  occurs .  Th is  un favorab le  roo t
deterioration was not observed on the individuals exca-
vated from the clearcut  area where photosynthetic active
radiation was at least 1500 micromole/meter*/second.  The
she l te rwood had photosyn the t i c  ac t i ve  rad ia t ion  leve ls  o f
less than 5 percent of this.

The  p re - re lease  seven th  year  mean he igh t  inc reases  s ince
she l te rwood es tab l i shment  fo r  the  h igh ,  med ium,  and  low

l3cJlorDBH(mn)
II
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Figure 2-Height of northern red oak planted on ciearcut site
and under shelterwood.

Clearcut
At age 5 when potential future dominant individuals were
selected, the tallest individual from the high, medium, and
low FOLR groupings were respectively 5.1, 4.6 and 2.4
meter. However at age seven and before release, only the
se lec ted ind iv idua ls  f rom the h igh  and medium groups
were  s t i l l  f ree- to -g row.  Pos t  re lease  response was  appar -
ent with 6 to 8 meter trees being present by age 11 with
mean he igh ts  o f  the  h igh  and medium FOLR group ing
being 3.5 and 2.7 meter, respectively (figure 2). Post
r e l ease  DBH deve lopmen t ,  was  imp ress i ve  w i t h  a lmos t  a
doubling in DBH over a 3 year period (figure 3). This
response was in spite of the leaf maggot infestation during
year one post release that seriously reduced leaf photosyn-
thesis potential for that entire growing season.

6

Medium: 7-11 FOLR

15
8

Low: O-6 FOLR

Figure 3-Diameter of northern red oak planted on ciearcut site and
under shelterwood.
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Large d i f fe rences  were  observed in  a l l  g rowth  parameters
among FOLR groups in the clearcut  but survival as ex-
plained earlier was not related directly to FOLR groups or
seed l ing  s izes .  A l l  seed l ings  remained f ree- to -grow dur ing
their first year since stumps had not yet sprouted nor had
the  new ly  ge rm ina t ing  compet i to rs  a t ta ined  a  compet i t i ve
position, However, between years two and five, rapid growth
o f  s tump sprou ts  and  deve lopment  o f  new seed l ings
compet i to rs  resu l ted  in  s tead i l y  inc reas ing  compet i t i on .
When the first re-measurements were made at year five,
the  a r t i f i c ia l l y  regenera ted  NRO seed l ings  were  compet ing
aga ins t  126 ,800  s tems/hec ta re  f rom 14  d i f fe ren t  dec iduous
hardwood  spec ies .  However ,  t he  mos t  severe  compet i t i on
was from stump sprouts of yellow poplar, red maple, and
Caro l ina  s i l ve rbe l l  wh ich  each  year  became more  c r i t i ca l
as their rapidly developing crowns began to complete with
the  s lower  deve lop ing  NRO c rowns .

The competing vegetation was not re-inventoried prior to
re lease bu t  s tem numbers  d id  no t  appear  to  have dec l ined
much because of the absence of obvious mortality. At
pre- re lease,  age 7 ,  compet i t ion  o f  the  dominant  canopy
level was primarily due to the rapidly growing stump
sprou ts .  However ,  NRO ind iv idua ls  were  s t i l l  compet ing
success fu l l y  aga ins t  na tu ra l l y  regenera ted  seed l ing .  These
estab l ished smal l  na tura l ly  regenera ted seed l ings  d id  not
respond immediately to clearcut  and few of them produced
more than 3 to 5 leaves either the first or second year
following the clearcut  and thus, as reported by others, did
not benefit from it (Pope 1993).

Many of the large artificially regenerated seedlings re-
mained free-to-grow or codominant until about the end of
the 4th  growing season unless they were planted immedi-
ately adjacent to stump sprouts. These large NRO seed-
lings that were at least 1 meter tall had a clear early
advantage over competitors that began at ground level.
During this first year the artificially regenerated oak benefit-
ted from full sunlight and developed a root system required
to compete with a wide range of competitors as the new
stand deve loped.

Release at age 7 not only stimulated the NRO seedlings
dramatically (figures 2, 3),  but also had a comparable effect
on the stump sprouts outside the 0.9 meter radius around
the  re leased ind iv idua ls .  Three  years  pos t  re lease resu l ted
in yellow poplar stump sprouts adjacent to the released
individuals developing DBH’s  of 15 to 20 centimeter and
obtaining heights of 6 to 10 meter. They are now, at age 11,
clearly invading the NRO growing space. It is encouraging,
however, that the potential dominant individuals selected at
age 5, are still maintaining crown position with competitors
of seedling origin but would benefit from further release to
permi t  b roader  c rown expans ion.

CONCLUSION
After 11 years evidence is substantial that large NRO
seed l ings  w i th  adequa te  FOLR numbers  a re  compet i t i ve
and can be established on high quality mesic sites.
T rea tment  o f  s tumps  p r io r  to  enr i chment  p lan t ings  o r
es tab l ish ing  mast  p roduc ing  areas  w i l l  be  requ i red
because  even  the  la rges t  and  mos t  compet i t i ve  seed l ing
canno t  compete  aga ins t  s tump sprou ts  on  these  exce l len t

sites. In the absence of stump sprouts following an
effective clearcut  and site preparation, large NRO seed-
lings may not need release until ages 5 to 7 and, perhaps
again at 10 to 12 years. Potential dominant trees that were
selected at age 5, retained that status after release at age
7. Individual NRO oak seedlings with fewer than 4 FOLR
were  genera l l y  no t  compet i t i ve .  Locus t  borer  damage on
them could not be ascertained from this study.

As of age 11, response from the shelterwood has not been
sat i s fac to ry  regard less  o f  FOLR group ing .  Ne i ther  he igh t
g rowth  nor  s tem ca l ipe r  have  been  accep tab le  compared  to
the clearcut  response. The shelterwood site will be re-
measured at 5 years post release. This will afford a
comparison to the original clearcut  at age 5 to determine to
what  degree  the  po ten t ia l  compet i t i on  has  deve loped s ince
the shelterwood was removed. It appears unlikely, based
on the ecology at these mesic sites, that any shelterwood
type cou ld  be depended upon to  es tab l ish  NRO regenera-
tion: too little sunlight and NRO will not grow or sufficient
sunlight and the competitors will multiple rapidly. The
question of what is too much overhead cover remains an
open ques t ion  and how to  regu la te  compet i t ion  to  ma in ta in
NRO in a competitive position is difficult to ascertain.
Certainly full sunlight is the best choice for NRO regenera-
tion.

Neither shelterwood nor clearcutting in conjunction with the
best most competitive NRO seedlings available will likely
succeed in  es tab l i sh ing  th is  spec ies  on  the  des i rab le
mes ic  s i tes  w i thou t  bo th  mechan ica l  and  chemica l  con t ro l
of competitors applied in a timely and effective schedule.
Continued restriction in harvesting and chemical control of
competitors may indeed contribute to NRO attaining the
status of “California Condor” in the eastern deciduous
fo res ts  as  some have  p red ic ted  (Ke l l i son  1993) .
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FIRST-YEAR SURVIVAL AND GROWTH OF BAREROOT
AND CONTAINER WATER OAK AND WILLOW OAK
SEEDLINGS GROWN AT DIFFERENT LEVELS OF

MINERAL NUTRITION

Hans Will iams and Matthew Stroupel

Abstract-Bareroot and container water oak (Quercus nigra) and willow oak (Quercus
phellos) seedlings were treated with 3 different levels of nitrogen (N) mineral fertilizer
applied during the growing season in the nursery. Comparisons were made between
species, N treatments, and stock-types for seedling morphology, first-year survival and
height growth, and seedling water relations. Water oak seedlings were shorter, heavier,
and more first-order lateral roots than the willow oak seedlings. The N fertilizer treatments
did not have a statistically significant effect on seedling morphology. Bareroot seedlings
were taller, had greater root-collar diameters, and were heavier than the container seed-
lings. The seedlings were hand-planted on an old pasture site located near Nacogdoches,
TX. First-year survival was about 80 percent regardless of species, N treatment, or stock-
type. Bareroot seedlings had less first-year height growth than container seedlings.
Container seedlings fertilized at the highest N rate had greater stomata1  conductance and
transpiration rates early in the growing season than the container seedlings fertilized at the
lowest rate.

INTRODUCTION
The reforestation of frequently flooded agricultural land with
bot tomland hardwood spec ies  has  become an impor tan t
activity in the Southeastern U.S. Federal programs like the
Wet land  Reserve  Program (WRP)  have  p romoted  the
reforestation efforts by providing financial support to
landowners(Shepard  1995). A significant portion of the
re fo res ta t ion  has  occur red  in  the  Lower  Miss iss ipp i  A l luv ia l
Valley (LMAV). Compliance with the Clean Water Act and
plantings initiated by organizations such as the The Nature
Conservancy and Ducks Unlimited also contribute to the
bottomland hardwood reforestation activity. Survival and
early growth is often poor for these plantings because of
f requent ,  long- term,  f lood ing and herbaceous and woody
plant competition. As a result, research continues to study
ways  to  improve  bo t tomland  hardwood re fo res ta t ion
success  (A l len  1990) .

A t  loca t ions  where  f lood ing  i s  m in ima l ,  research  resu l t s
indicate that establishment with bareroot  seedlings can be
successful. Allen (1990) observed adequate bottom/and
hardwood oak  s tock ing  fo r  f i ve  p lan ted  seed l ing  s tands
(266 trees/at.) and five direct seeded stands (293 trees/
ac.) about 6 years after establishment. Miwa (1995)
observed first-year seedling survival greater than 70
percent  fo r  four  bo t tomland hardwood spec ies  p lan ted  on
hydr ic  and non-hydr ic  so i l s  wh ich  no  longer  exper ience
significant flooding. Five years after planting, seedling
survival was still greater than 60 percent (Ozalp and others
1998). Stanturf  and Kennedy (1996) observed survival
exceeding 60 percent after 5 years for cherrybark oak
(Quercus pagoda) seedlings planted in a floodplain
c lea rcu t .

The use o f  conta iner -grown hardwood seed l ings  ins tead o f
bareroot  seedlings may be a potential option for the
reforestation of flood-prone sites. White and others(  1970)
presented  the  poss ib le  advantages  o f  us ing  con ta iner
hardwood planting stock. Advantages that may be espe-
cially important to a wetland reforestation planner are the
ability to extend the planting season and the higher survival
usually observed on adverse sites. For example, container
seedlings could be planted after the floodwaters recede in
early summer. Bareroot  seedlings, typically lifted from the
nursery during the winter, must spend an extended period
of time in cold storage prior to planting. Since hardwood
seed l ings  are  somet imes packed in  bund les  or  bags  tha t
cannot be completely sealed, there is a risk of seedling
des iccat ion  dur ing  unp lanned,  long- term co ld  s torage.

In this study, bareroot  and container water oak and willow
oak seedlings were treated at 3 different levels of nitrogen.
The objectives of the research included studying the early
survival and growth between bareroot  and container
seedlings. Also, the effects of altering N rates in the
nursery  were  observed fo r  seed l ing  morpho logy  and f ie ld
survival and growth.

MET’HODS
The conta iner  seed l ings  were  grown under  a  shadehouse
located at Stephen F.  Austin State University, Nacogdoches,
TX. The shadehouse was covered with a fabric that
allowed 50 percent of the incident light to reach the
seedlings. Water oak and willow oak seed were
purchased from a regional vendor. The seed were sown in
March, 1996, in 164 cm3  plastic cone container filled with a
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peat-perlite-vermiculite medium. Seedlings were grown at
a density of 264 seedlings /m*.  The seedlings were
irrigated as needed to prevent plant water stress.

The bareroot  seedlings were grown at the Texas Forest
Service Indian Mound Nursery, Alto, TX. The water oak and
willow seed were collected from an orchard located near
the nursery. The seed were sown in nursery beds in the
Fall, 1995. During the 1996 growing season, the seedlings
were irrigated with about 2 cm of water per week. The
seedlings were top-pruned to a height of about 51 cm in
July and August, 1996. Seedbed  density at the end of the
growing  season  was  86  seed l ings /m*  fo r  wa te r  oak  and
118 seedlings/m* for willow oak.

The fertilizer treatment involved increasing the nitrogen rate
2-times (2X) and 3-times (3X) the operational rate (IX). For
the container seedings, a 15-30-15  (N-P,O,-K,O) water
soluble fertilizer was used. The 1X treatment, the opera-
tional rate, was equivalent to applying 34 kg N ha/yr.  The
fertilizer was applied over 10 applications during the 1996
growing season. The bareroot  seedlings were fertilized
with liquid ammonium nitrate (32-O-O). The 1X rate was
equivalent to applying 18 kg N ha/yr.  The fertilizer was
appl ied over  5  app l ica t ions dur ing the 1996 growing
season.

Pr io r  to  p lan t ing ,  ten  seed l ings  were  randomly  sampled
from each replication, stock-type, species and fertilizer
treatment combination for biomass measurements. Each
seedling was measured for height, root-collar diameter
(RCD), number of first-order lateral roots (FOLR) greater
than 1 mm in diameter, shoot oven-dry weight, and root
oven-dry weight. The seedlings were hand-planted, using
planting shovels, in January, 1997. The planting site is at
the  A lazan Bayou Wi ld l i fe  Management  Area located about
11 km south of Nacogdoches, TX. The site was former
pas tu re  w i th  so i l s  f rom the  Woden  se r ies (Typ ic
Paleudalfs)and  contains inclusions of soil from the
Mantach ie  se r ies  (Aeric  F luvaquen t )  se r ies .

Measurements  a f te r  p lan t ing  inc lude f i rs t -year  he igh t
growth and survival. Also, during the growing season
following planting, leaf water potential, stomata1  conduc-
tance ,  and  t ransp i ra t ion  was  measured  fo r  con ta iner  wate r
oak and willow oak seedlings treated at the 1X and 3X N
rates in late-June and late-August Leaf water potential
was measured with a plant pressure chamber. Stomata1
conduc tance  and t ransp i ra t ion  was  measured  us ing  a
steady-state porometer. The measurements were con-
ducted at mid-day (about I:00 to 2:00 pm). The leaf water
re la t ion  measurements  were  conducted  on  four  seed l ings
f rom each  rep l i ca t ion ,  spec ies ,  and  N- ra te  t rea tment
combinat ion .

The  s tudy  was  des igned  as  a  randomized  comple te  b lock
split plot with 3 replications. The whole plots were the
stock-types, the subplots were the species, and the sub-
subplots were the N fertilizer rates. Differences between
main effects and their interactions for the dependent
va r iab les  measured  a re  d iscussed  as  s ta t i s t i ca l l y  s ign i f i -
cant at the 5 percent probability level.

Table l-Mean morphological characteristics prior to
planting of bareroot  and container water oak and willow
oak seedlings treated with three levels of nitrogen
fertilizer

Treatment

S t o c k - t y p e

Stem Root-Collar
First-Order

Shoot Root
Height Diameter Lateral Weight Weight

(cm) (mm)
Roots

m.1 (9) (9)

Bareroot

Container

Species

WaterOak

Willow Oak

65 *’ 8.9. IO’ 13.5’ 14.3’

38 5 . 5 5 1.8 3.0

50’ 7 . 3 9’ 8.7’ 10.0

53 7.1 7 6 . 6 7.0

Nitrogen
Rate”

I X 49 7.1 8 7 . 6 9 . 0

2x 53 7.1 8 7 . 5 8.0

3x 52 7 . 4 8 7 . 8 9.0

a Means within a treatment followed by an asterisk are statistically
different at the 5 percent probability level.
b The 1 X N rate was 18 kg N ha/yr  and 34 kg N ha/yr  for bareroot
seedlings and container seedlings, respectively.

RESULTS
Bareroot  seedlings were taller, had larger RCD, were
heavier and had greater number of FOLR than the container
seedlings (table 1). Water oak seedlings were shorter than
the willow oak seedlings, but had a greater number of
FOLR. a. Means within a treatment followed by an asterisk
are statistically different at the 5 percent probability level
b. The 1 X N rate was 18 kg N halyr  and 34 kg N hatyrfor
bareroot  seedlings andcontainer seedlings, respectively
Water oak seedlings were heavier than the willow oak
seedlings. The N fertilizer treatment did not have a statisti-
ca l l y  s ign i f i can t  e f fec t  on  seed l ing  morpho logy  measured
prior to planting. The statistically significant interactions
between spec ies  and  s tock- types  fo r  seed l ing  morpho logy
were relatively small. Bareroot  water oak seedlings were
shorter than bareroot  willow oak seedlings. Container
water  oak  seed l ings  were  ta l le r  than conta iner  w i l low oak
seedlings. Bareroot  seedlings fertilized at the higher N
rates were shorter than the bareroot  seedlings fertilized at
the lowest N rate. Container seedlings were taller when
fertilized at the higher N rates. Bareroot  water oak seed-
lings had larger RCD than the bareroot  willow oak seed-
lings, but the container seedlings of both species, had a
similar RCD. Bareroot  water oak seedlings had heavier
stems than the bareroot  willow oak seedlings. The
conta iner  wate r  oak  seed l ings  had  l igh te r  s tems than  the
container willow oak seedlings. Bareroot  water oak
seedlings had heavier roots than the bareroot  willow oak
seedlings. The container seedlings of both species had
similar root weights. Bareroot  willow oak seedlings had a
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Table P-Mean first-year survival, height growth and
percent stem dieback  for bareroot  and container water
oak and willow oak seedings treated in the nursery with 3
levels of nitrogen fertilizer

Treatment

Stock-type

Bareroot

Container

S u r v i v a l Stem Growth
(Percent) (cm)

8 1 8*”

83 27

Dieback
(Percent)

6 . 8

1 . 1

Species

WaterOak

Willow Oak

Nitrogen
Rateb

I X

2 x

3x

8 1 15* 4 . 2

8 2 2 0 3.7

8 5 1 7 3 . 6

8 - t 1 9 4 . 1

7 9 17 4.2

B Means within a treatment followed by an asterisk arestatistically
different at the 5 percent probability level.
b The 1 X N rate was 18 kg N ha/yr and 34 kg N ha/yr
for bareroot seedlings and container seedlings,respectively.

lower number of FOLR than the bareroot  water oak seed-
lings. Container seedlings of both species have similar
numbers of FOLR. Water oak seedlings fertilized at the
higher N rates had greater numbers of FOLR than water
oaks fertilized at the lowest N rate. Willow oak seedlings
fertilized at the lowest N rate had higher numbers of FOLR
than the willow oak seedlings fertilized with the higher N
ra tes .

First-year survival after planting was about 80 percent or
greater regardless of stock-type, species or N-rate treat-
ments (table 2). Container seedlings had greater first-year
shoot growth than the bareroot  seedlings. Willow oak
seed l ings  had greater  shoot  g rowth  than the  water  oak
seedlings. The N fertilizer treatment did not affect first-year
survival and shoot growth. Bareroot  willow oak seedlings
had greater amounts of shoot growth than the bareroot
water oak seedlings. The container seedlings of both
species had similar amounts of shoot growth. Bareroot
seedlings fertilized at the higher N rates had greater shoot
growth than the bareroot  seedlings fertilized at the lowest N
rate. First-year height growth was less for container
seedlings fertilized at the highest N rates.

The difference in mid-day stomata1  conductance, transpira-
tion, and leaf water potential between container water oak
and willow oak seedlings was not statistically significant
when measured in  la te -June and la te -August  fo l low ing
planting (table 3). The container seedlings fertilized at the
highest N rate had statistically greater rates of stomata1
conductance and transpiration when measured in late-
June. Differences between N-rate treatments were not
s ta t i s t i ca l l y  s ign i f i can t  when  measured  in  l a te -Augus t .

Table 3-Mean mid-day stomata1  conductance (g,),
transpiration (E), and leaf water potential (Y),for con-
tainer water oak and willow oak seedlings treated in the
nursery with 2 levels of nitrogen fertilizer. Seedlings
measured during growing season after planting

Treatment
(mm012  rn‘*  s’)

E Y
(mmoles  m-2  s”) (MPa)

Species
Water  Oak
Willow Oak
Ni t roaen  Ra te
1 x
3 x

Species
WaterOak
WillowOak
Ni t rogen Rateb
IX
3 x

June 23-27.1997

3 4 3 . 0 7 .84 - 1 . 6
2 6 4 . 2 6 . 2 - 1 . 7

258.9*” 5.97*
3 4 3 . 7 8 .07

Augus t 25-28. 1997

4 3 4 . 5 12.20
4 3 1 . 4 12.41

4 0 2 . 6 11.73 -2.1
4 6 3 . 3 12.89 - 2 . 0

- 1 . 6
-1.7

- 1 . 8
- 2 . 2

’ For each sample period, means within a treatmentfollowed by an
fsterisk  are statistically different atthe  5 percent probability level.

The 1 X N rate was 18 kg N ha/yr and 34 kgN ha/yr bareroot
seedlings and container seedlings, respectively.

CONCLUSIONS
The carefu l  seed l ing handl ing and p lant ing and the
adequate  growing cond i t ions  may par t ia l l y  exp la in  the  good
first-year survival for all treatment combinations. While the
seedlings were planted in a location with significant
herbaceous  and woody  p lan t  compet i t ion ,  the  1997
growing  season was  charac te r i zed  by  above average
rainfall. In August alone, over 30 cm of rain occurred in
Nacogdoches, TX. Bareroot  hardwood seedlings require
careful handling, especially to protect the root systems.
However, when the right species are matched to the site
and proper  handl ing and p lant ing procedures are fo l lowed,
good early establishment of bareroot  seedlings should be
expected (Kennedy 1993). The greater first-year height
growth observed for the container seedlings may be a
response to  the  reduced hand l ing  and p lan t ing  s t ress
when compared to bareroot  seedlings (White and others
1970). Williams and Craft (1998) observed similar first-
year results for bareroot  and container Nuttall  oak (Quercus
texana)  seedlings planted on a hydric soil in the LMAV.
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CHERRYBARK OAKS FROM PERFORATED
CONTAINERS PLANTED AS BAREROOTS WITH

OPEN-GROWN OAK BAREROOTS

Kirk D. Howell’

Abstract-Large Cherrybark oak (Q.  pagoda Raf.) grown for two years (1997 and 1998)
were hoedad  planted in bottomlands near Columbia, South Carolina. Successful oak
plantations exist from planted bareroot  cherrybark oak seedlings with heights below 50
centimeters, but costly efforts were often employed to ensure success. To overcome
competing vegetation, seedlings greater than 1 meter are essential, but the roots of large
oak seedlings present obstacles to planting. The one-liter, perforated container was
designed to promote fine, feeder roots to penetrate outside of the container, and to restrict
woody root formation at the soil-container interface. After two nursery growing seasons,
there were no significant differences in survival, but yield favored conventional bareroot
seedlings of 100 per square meter. Field survival of containerized seedlings after two years
were significantly greater than bareroot seedlings, compensating for the higher cost of
containerized seedlings. Seedlings from containerized stock of 100 per square meter also
showed the greatest significant yield by year two.

INTRODUCTION
With  inc reased demand fo r  h igh  qua l i t y  oak  p roduc ts  and
potential legislation to restrict clearing of natural forests
(Kellison 1993),  it may not be enough to simply mimic
nature = s processes in artificial oak regeneration, but to
improve on them. Producing higher yield on less land with
fewer starting costs is a prudent goal for the land manager,
regardless of whether the land is publicly or privately
owned.

Much research  has  been conduc ted  to  show the  impor -
tance of oak seedlings having a bulky root system, and
hence severa l  f i r s t -o rder  la te ra l  roo ts  (FOLR)  (Rueh le  and
Kormanik 1986),  which give rise to second-order laterals
roots, and to fine, fibrous roots. For greatest stem size
potential, it is preferable to have greater than 8 FOLR along
the distal tap (Kormanik et al. 1994),  with FOLR diameters
above Imm (Thompson and Schultz 1994). Otherwise,
seed l ings  are  labe led  by  some researchers  as  Agenetic
trash@. Unfortunately, after the planting process, root
pruning (i.e., tailoring the seedling’s root system to fit the
p lan t ing  ho le )  compromises  many o f  these  ga ins  rea l i zed
in the nursery.

Oak plantation success (i.e., an efficient operation) hinges
on 1) high yield and 2) low initial costs. Poor cost efficiency
involves one or both factors being deficient. In a study
established in 1994 (Howell and Harrington 2002),
undersized cherrybark oak (Cl.  pagoda Raf.) seedlings,
grown th ree  months  in  a  g reenhouse,  surv ived  and grew
quite well, but not without the aid of high-priced fencing to
protect them from browse. Moving away from protective

shelters, a preferable option might be found with larger
seed l ings  p lan ted in  open- f ie ld  cond i t ions .

The optimum size that would ensure plantation success at
the lowest possible cost is debatable.
Ground- l ine  d iameter  may be  the  s ing le  most  use fu l
morpho log ica l  measure  o f  seed l ing  qua l i ty  (Johnson and
Cline 1991) - ensuring field survival and promoting rapid
growth (Mexal and South 1991); moreover, diameter is a
good indicator of root mass (Coutts 1987). A competitive
oak seed l ing shou ld  have a  ground- l ine  d iameter  above 10
millimeters (Pope 1993). Moreover, stem height above 1.5
meters  i s  cons idered  adequate  to  overcome compet ing
vegeta t ion  and deer  browse (Hannah 1987) .

The perforated container (U.S. #6,173.531),  patented in
January 2001, is designed to restrict and train root growth.
The patented hole perforations are to be substantially 1.5
mi l l imeters ,  the  midpo in t  be tween woody and feeder - roo t
range, > 2 and <  1 millimeters, respectively (Lyford 1980).
Upon inserting these containers into the ground, fine and
fibrous root growth is encouraged, and the taproot  should
extend to the bottom of the container, where it follows the
water pathway out of the container into the surrounding
seedbed.  With these large containers, the soil can be
removed at the nursery for economic reasons, and thus
bareroot  seedling transport and planting are facilitated,
hence the term Acontainerized-bareroot@.  Therefore, the
objectives of plantability and ease of transport should be
satisfied, but what is more important is that this method
may offer a more positive yield forecast.

‘Regeneration Forester, Ph.D. candidate, Department of Forest Resources, Clemson University, Clemson, SC 29634-l 003
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MATERIALS AND METHODS
Cher rybark  oak  seeds were  sown (February  1997)  as
conventional bareroot  or inside perforated containers in a
partially shaded nursery in Auburn, GA. Two densities of
64 and 100 seeds per square meter were also tested. A
third factor of perforation size (1 versus 1.5 millimeter
holes) was tested for containers, and for conventional
bare roo t ,  the  fac to r  o f  t r imming  versus  non t r imming  was
tested at planting. Thus, a randomized block design was
employed with eight treatments across three blocks in
the nursery, and 20 seeds sown per treatment per block.
A  comple te ly  randomized des ign  was  ins ta l led  where
n ine  s tems  were  se lec ted  f rom each  t rea tmen t ,  and
rep l ica t ions  were  p lan ted  in  des ignated pos i t ions  in  the
field.

Due to  the  shaded cond i t ions ,  por tab le  greenhouses
and lighting were used to provide a 2-month head start
on  the  1997 season.  Seed l ings  emerged by  ear ly  March,
and by April 1,  1997, all growth devices were removed.
Another aid to promote high-density growth was with
la te ra l  b ranch prun ing .  Th is  opera t ion  was per fo rmed fo r
six months (late April-late September) for two years.
Seedlings were fertilized with (20N-20P-20K)  daily during
the  ac t i ve  g rowing  season.  Seed l ings  were  no t  undercu t ,
and after lifting, were immediately transported to the
planting site. At planting, trimming was performed on
designated bareroot  seedlings and all seedlings were
planted at a 3.66 by 3.66-meter  spacing.

Diameter, height, and survival are yield factors expressed
in the equation: Y, = Avg(B*r,“h,)/2*S,; where at year t: Y,
= yield (cubic decimeters), r1 = radius (decimeters), h, =
height (decimeters), and S, = percent survival. Nursery
yield, two years from sowing (November 1998),  was
expressed in terms of stems per 1000. Plantation yield,
two years from planting (December 2000),  was ex-
pressed in terms of 750 stems per hectare.

Our research was not empirical, so cost information was
adopted from a firm of undisclosed identity. The nursery
involved 20 hectare with a workable area of 7,500 square
meters  per  hec tare  (25  percent  non-workab le  roads and
buffer areas). With about 67 percent germination in our
study, there was an effective production of 6.4 and 10
million stems from densities of 64 and 100 stems per
square meter, respectively. All costs were influenced by
capacity, and were thus included in pricing, whether fixed
or variable. Salaries, land, dues, insurance, etc. are
some items to be included which did not vary with
t rea tment .  O ther  cos ts  inc luded  were  the  purchase  and
hand l ing  o f  conta iners ,  por tab le  greenhouses,  and labor
requ i red  to  package,  s to re ,  and  t ranspor t  seed l ings .
When pricing, 30 percent profit was added. Thus, the
price from the nursery became the seedling cost for each
treatment in the field. Seedling price and planting costs
were also variable in this study. Land and site prepara-
tion costs were not included in this paper. Costs were
compounded with time (t) as follows: C,  = EC * (1 +i)‘;
where: C,  = total cost ($); EC = the sum of all costs ($);
i = interest (8 percent).

Yield to cost ratios (EJ provide cost efficiency indices. The
equation is given as: Ec = C/Y,; where: Ec = cost effi-
ciency ($ per cubic decimeters), C,  = total cost ($ per 1000
or $ per hectare), and Y, = yield in terms of yield (cubic
decimeters per 1000 or per hectare).

RESULTS AND DISCUSSION
In the nursery, we realized near 65 percent representation
(emergence and surv iva l ) ,  due to  poor  germinat ion ,  and
there with no significant differences (“ 0.05) among
treatments. Thus, effective density was less than that which
was sown. After two years in the field (table l),  container-
ized bareroot  had significant survival (about 78 percent)
over conventional bareroot  (about 49 percent). Nursery
diameter, height, and yield favored conventional bareroot  of
density 100, and year-2 field diameter, height, and yield
favored containerized-bareroot of density 100. As to why
density 100 seedlings were larger than those of density 64
may be partly explained by the effective lower density after
germina t ion .  However ,  s ince  bo th  t rea tment  dens i t i es  were
reduced equally, the lowest density (64 seedlings per
square  meter )  shou ld  have remained low and shou ld  have
s t i l l  suppor ted  the  la rger  s tems.  La tera l  b ranch prun ing ,
wh ich  encourages  mutua l  t ra in ing ,  may have  a lso  had
some impact on these results. Root alteration (Alt) showed
no significant impact on yield or cost with containerized
bareroo t .  However ,  the  conven t iona l  bare roo t ,  t r immed,  64
treatment was significantly greater than the rest in yield by
year two.

Fixed costs (FC) ranged from 50 to 55 percent of the total
cos ts  o f  p roduc ing  conven t iona l  ba re roo ts .  However ,  w i th
containerization fixed costs ranged from 39 to 45 percent of
the total, because about $30 per 1000 was needed to
purchase conta iners  (C) ,  and an add i t iona l  $55 per  1000 to
embed and hand-sow the  con ta iners  (SC) .  Mechan iza t ion
of sowing conventional bareroot  with two workers ($20 per
hour) and a tractor drove sowing costs (SC) down to about
48 cents per 1000, plus or minus 5 percent for differences
in density. Laborers involved in hand sowing, and other
f ie ldwork ,  earn  $10 per  hour .  I f  embedd ing  conta iners  cou ld
be mechan ized ,  the  h igher  wage and in i t ia l  inves tments  in
machinery would over the long run lower the cost of the
conta iner -sowing opera t ion .  On the  o ther  hand,  a  $7 ,000
sav ings  f rom no t  us ing  the  t rac to r  when hand-sowing
containers resulted in a minimal adjustment of $1 to $2 per
1000 (shown with FC). Some could argue that this justifies
hand sowing us ing cheap labor .

Lateral branch pruning (table 2) was a cost factor unaf-
fected by density ($62 per IOOO),  but the greatest cost
benefit was realized by the fostering of increased basal
diameter growth at the higher density. Lateral branch
prun ing  (BP)  a lso  a f fec ted  t ranspor t  and packag ing  (TPK) .
Weight of a load to equal 13,620 grams (30 pounds) was
utilized to determine the cost of transport and packaging.
Since soil was removed from the containers at the nursery,
and transport and packaging dealt with bareroot  only, then
the costs involved in transport was virtually the same for
each treatment ($3.8 to $4.5 per 1000).

3 4 3



Table l-Percent survival (Srv), diameter (Dia: mm), height
(Hgt: cm), yield (Yld: cubic decimeters per 1000 for the
nursery or per hectare in the field), and cost efficiency (Eff:
dollars per cubic decimeter) at year-2 nursery (N), year-2
field (2), transport and planting costs (TP(0):  dollars per
hectare), and year-2 field cost (Cst(2): dollars per hectare)
for each treatment of root form (containerized bareroot
(container) and conventional bareroot  (bareroot)), density
(64 or 100 stems per square meter), and root alteration
(Alt: 1.5 versus 1.0 millimeter holes in containers, or
trimmed (Trim) versus not trimmed (Xtrm) applied to
bareroots in the field). Reported significance (S) at ? =
0.05 level. Notation: no difference (N); Forms differ (F);
Densities differ (D); and the form-density interaction (FD).

F o r m : -Container- - B a r e r o o t
Dens: _____ 64 _____ ---lo@--- ______ 64 _____ ____ lo@  ____

Alt: 1.0 1 . 5 1.0 1 . 5 Trim Xtrm Trim Xtrm -S-- - - - -

SF.(N):  63 77 72 58 63 63 65 65 N

Srv(2):  73 92 73 73 51 40 48 55 F

Dia(N):  8.9 9.9 9.1 8.6 8.8 8.8 10.2 10.2 FD

Dia(2): 14.7 13.9 16.8 18.1 14.3 12.9 13.2 11.3 FD

Hgt(N):lOl  116 112 112 105 105 124 124 FD

Hgt(2):131  140 180 171 148 124 125 124 FD

Yld(N):  39 48 37 41 39 39 57 57 FD

Yld(2): 81 94 127 149 81 34 43 30 FD

Eff(N):  11.5 9.4 9.5 8.6 9.4 9.4 4.6 4.6 FD

Eff(2): 7.4 6.1 4.0 3.3 6.2 15.8 8.8 13.5 FD

TP(N):115 8 9 1 2 2 1 0 8 9 8 1 3 9 8 9 1 2 3

Cst(2):599 5 7 6 5 0 6 4 9 3 5 0 2 5 3 8 3 7 7 4 0 6

The var iab le  cos ts  were  respons ib le  fo r  add ing  an  approx i -
mate $100 to containerized treatment over the conventional
bareroot  treatment. All costs (variable and fixed) were
af fec ted  by  dens i t y ,  s ince  recompense  invo lves  seed l ing
quantities rather than seedling qualities. If products were
priced according to aspects of quality, pricing would be in
terms of dollars per weight or volume. The cost of nursery
land ($6.4 and $4.2 per 1000 for densities of 64 and 100,
respectively) was spread over 30 years, and was an
insignificant charge as compared to the total cost of
opera t ions .

Table 2-  An itemized cost list (dollars per 1000) involving
fixed costs (FC) in the nursery (wages and salaries,
operations, utilities, and anything which is not specified
separately). Other variables include costs of: land (LC),
sowing (SC), lifting (Lft), loading and packaging (TPK),
containers (C), fertilization and supplies (F), small portable
greenhouses and lighting (GL) and branch pruning (BP).
Year-2 total cost is also listed (Cst).

Form:-Container-  -Bareroot- Form.-Container-  -Bareroot-
Dens:-64--lOO-  -64--lOO- Dens:’ -64--lOO- -64--lOO-

&:  202 129 204 130 LC 6.4 4.2 6.4 4.2

S C : 53 58 .46 .50  Lff:  12.3 11.5 7.6 9.3

In the field (table 2),  nursery cost with 30 percent profit
made up the price of seedlings. Some states may require
tax, but our state did not. Transport and planting (TP)
involved an average charge of $150 per 1000 for large
seedlings, as compared to a charge of $35 per 1000 for
planting small, bareroot  seedlings in the 1995 study
(Howell and Harrington 2002). It is intuitive that larger
seed l ings  w i l l  demand h igher  seed l ing  pr ices  and wi l l
require greater costs to plant them. Nevertheless, one
worker planting 100 saplings per hour is well within the
realm of a large-scale planting production rate. The cost of
trimming bareroot  seedlings was offset by the cost of
car ry ing  and p lan t ing  un t r immed seed l ings .

Cost efficient nursery benchmarks (table 1) were set by
the conventional bareroot  of density 100, because it
possessed  the  lowes t  cos ts  and  a lso  had  the  h ighes t
yield. The $4.6 per cubic decimeter of this study was about
47 times as low as the best treatment of the 1995 study
($215 per cubic decimeters). After two years in the field,
the containerized bareroot  of density 100 was optimum,
where high yield overcame the relatively higher costs of
production, and it was the low field survival that hurt the
conventional bareroot. The $3.8 per cubic decimeter value
of this study was about three times below that of the best
treatment ($12.4 per cubic decimeters) of the 1995 study.
There  were  some pro tec t ion  mechan isms u t i l i zed  in  the
1995 study, which were not needed in this study. The only
other costs that could be realistically added to this study
are the cost of land and site preparation. These marginal
costs are minimal compared to the other costs, and would
not greatly dilute the cost efficiency results of this study.

CONCLUSION
Containerization effectively restricts the root system to
parameters  conduc ive  to  h igh-vo lume p lan t ing ,  wh i le
preserving the fibrous root important for nutrient uptake in
the field. The perforated container, used in this study,
brought into one operation the benefits of both
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containerized and bareroot  seedling culture, where
perforated holes permitted only fine roots, those less than
2 millimeters in diameter (Hendrick and Pregitzer 1993),  to
penetrate the container interface into an extended rooting
environment. While the general rule holds true for all forest
species, this fine-woody root transition range between 1
and 2 millimeters (Lyford 1980) is subject to vary
somewha t  among  spec ies .

Neither cost inputs nor the yield output should be under
emphas ized  in  nursery  o r  p lan ta t ion  leve ls .  The long- te rm
payoff (i.e., the return on the invested dollar) will depend
upon:  1 )  s tand y ie ld ,  h igh l igh t ing  representa t ion  (emer-
gence and survival); 2) individual stem yield, promoting
high volume growth; and 3) the cost to produce, establish,
and sustain the crop. Benchmarks in cost, yield, and their
combined  e f f i c iency  shou ld  be  se t ,  and  w i l l  thus  encourage
the  compar isons  o f  opera t ions  over  space  ( f rom reg ion  to
reg ion)  and t ime ( f rom genera t ion  to  genera t ion) .

The cost benchmark at the nursery level was set in this
study by the conventional bareroot  treatment, of density
100, but the small, unfertilized treatment from the 1995
study held the best mark between the two studies (Howell
and Harrington 2002). When looking at variable costs only,
the same treatment from the 1995 study would logically
remain lowest in seedling cost, and the cost of transport
and planting. However, the cost of spending several
thousand dollars per hectare to fence and protect under-
s ized  seed l ings  ac tua l l y  negates  any  perce ived  advantage
in an applicable sense. The field cost efficiency bench-
marks of this study were manifested; even though higher
pr iced  sap l ings  were  u t i l i zed ,  wh ich  invo lved  grea ter
s to rage ,  t ranspor t  and  es tab l i shmen t  cos ts .  However ,  t he
bonus is that they were planted in a clearcut  area with a
high-volume planting tool, and without the aid of expensive
shelters or fences for protection.

While nursery yield was best for the conventional bareroot,
density 100 treatment, after two years in the field, the
con ta iner i zed ,  dens i t y  100  t rea tment  se t  a  second-year
benchmark in this study. Second-year nursery yield in our
study was 20 times that of the best treatment from the 1995
study ,  because our  seed l ings  had a  morpho log ica l  age
perhaps closer to what would be classified as fifth-year
growth  under  na tura l  cond i t ions .  F ive-year  morpho log ica l
sizes are required for saplings to have a fighting chance to
surv ive  in  ind igenous s i tes  where  p ioneer  con i fe rs  and
hardwoods  possess  fas te r  g rowth  ra tes  (C la t te rbuck
1987),  especially for upland oaks on upland sites (McGee
1975; Loftis  1983). The oak paradox seems to be epito-
mized more with northern red oak than it is with cherrybark
oak .

The container, 100 treatment showed the best cost effi-
ciency in our study, and now offers a milestone with which
to engage future findings. Undoubtedly, the cost efficiency
benchmark set in this study will soon be superceded by
innova t i ve  measures ,  wh ich  reduce  cos ts  o r  i nc rease
performance. Some of these measures may be found in: 1)
growing la rger  seed l ings  a t  h igher  dens i t ies ;  2 )  increas ing
seed l ing  representa t ion  th rough improvements  in  germina-
tion and survival methods; and 3) facilitating branch
pruning and/or root initiation by way of chemical or hor-
mona l  app l i ca t ion .  Once  oak  p lan ta t ion  success  can  be
guaranteed on clearcuts of high site quality, morphologi-
cally superior oaks may be interplanted with low-cost, 1-O
pines for training purposes. As of now, however, pines are
v iewed  as  ma jo r  oak  compet i to rs .
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GROWTH AND DEVELOPMENT OF FIRST-YEAR
NURSERY-GROWN WHITE OAK SEEDLINGS OF

INDIVIDUAL MOTHER TREES

Shi-Jean S. Sung, Paul P. Kormanik, and Stanley J. Zarnochl

Abstract-White oak (Quercus alba  L.) acorns from individual mother trees at Arrowhead
Seed Orchard (ASO,  Milledgeville, GA), Beech Creek Seed Orchard (BSO, Murphy, NC), and
Savannah River Site (SRS,  Aiken,SC)  were sown in December 1999 at Whitehall Experiment
Forest Nursery (Athens, GA). All 6 mother trees from BSO were grafted. By early April,
germination exceeded 80percent for all but six families. Five of these six families were from
BSO. Seedlings that emerged after mid-April generally were much smaller in size than those
emerging earlier. More than 60 percent of seedlings from each seed source group had
fewer than mean first-order lateral root (FOLR) number. Buds for the first flushes started
swelling near the end of April for most seedlings. Time span from current bud swelling to
next bud swelling in most seedlings was approximately 33 days for all flushes. Regardless
of seed sources, elongation of the third, fourth, and fifth flushes occurred mainly between 4
and 12 days post bud break (dpbb) with most active elongation occurring approximately 10
dpbb. About 89, 55, and 9 percent of AS0 and SRS  seedlings had three, four, and five
flushes, respectively. Only 60, 15, and 2 percent of BSO seedlings had three, four, and five
flushes. Seedlings with first flush length shorter than 5 centimeter generally had lower
values in growth parameters including height, root collar diameter, flush number, and FOLR
number. Based on germination rate and first flush length, it may be possible to assess
progeny quality of given mother trees as early as mid-May. Progeny from grafted mother
trees performed poorly in nursery as compared to progeny from other groups based on all
parameters except for diameter.

INTRODUCTION
There  have been two Quercus  regenera t ion  prac t ices  used
to  ma in ta in  a  s ign i f i can t  oak  component  in  new s tands
following a harvest. One practice depends on obtaining
advanced oak  regenera t ion  by  she l te rwood or  se lec t ion
harvesting the current stands. Although this may be
success fu l  on  lower  qua l i t y  up land s i tes  (Sanders  1971,
Lortis 1983),  it may not be successful on high quality mesic
sites due to the presence of fast growing, competing woody
species that will generally occupy the site once the final
canopy is removed (Loftis  1990, Hodges and Gardiner
1993, Lorimer 1993). The other practice, artificial oak
regeneration, involves planting high quality 1-O nursery
stocks on clearcut  sites as advocated by Kormanik and
others (1997,1998,2000).  This practice takes only the top
50 percent of 1-O oak seedlings grown under a specific
hardwood nursery  pro toco l  deve loped by  Kormanik  and
others (1995). Seedlings are graded by their height, root
collar diameter @CD),  and number of first-order lateral
roots (FOLR) that are greater than 1 mm in diameter. It has
been proven with loblolly  pine (Kormanik and others 1990)
and var ious  oak  spec ies  inc lud ing  wh i te  oak  (Korman ik
and others 1997, 2000) that FOLR number is highly
heritable and a good indicator of seedling quality in nursery
and outp lanted per formance in  f ie ld .

Here we investigated the growth and development of 1-O
white oak seedlings from different mother trees from
different states. The primary interest was to identify and
quantify any early indicator of seedling quality that might be
used with progeny from future mother tree selections.

MATERIALS AND METHODS
Open pollinated white oak (Quercus a/be  L.) acorns from
indiv idua l  mother  t rees in  Ar rowhead Seed Orchard (ASO,
Mi l ledgev i l le ,  GA) ,  Beech Creek Seed Orchard (BSO,
Murphy, NC) and Savannah River Site forest stands (SRS,
Aiken, SC) were sown at a density of 54 to 57 per meter2 in
December  1999  a t  Wh i teha l l  Exper iment  Fores t  Nursery
(Athens, GA). Seedlings were grown using the oak nursery
protocol of Kormanik and others (1994). There were 25, 6,
and 15 half-sib families from ASO, BSO, and SRS, respec-
tively. All 6 mother trees from BSO were grafted. Four ASO,
six BSO, and 14 SRS families were planted in a random-
ized block design with two blocks each consisting of 130
acorns per family. The other families were planted in an
identical manner but with only 65 acorns per family per
block. Germination percent was assessed as shoot
emergence on March 23 and April 5, 2000. Numbers of
seedlings with swelling first flush bud that was at least 3
millimeter long or elongating first flush were recorded for
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Table l-Germination and flush development of all white oak seedlings from individual mother trees
at Arrowhead Seed Orchard (ASO), Beech Creek Seed Orchard (BSO), and Savannah River Site
forest stands (SW)

ASO” B S O S R S

Acorn FWb (g) 4.6k1.2 4 .311 .1 4.3+1  .I
Mar 23 Germ (pet) 85r8.9 6Ozt29.0 87~1~7.4
Apr 5 Germ (pet) 9Ozt8.0 62i30.0 92zk4.9
Apr 25 1st FI” (pet) 28i10.9 2oi10.5 18k12.5
May 29 2nd FI (pet) 55zt9.2 27+8.1 37t17.3

a In December 1999, acorns from 25 ASO,  6 BSO, and 15 SRS mother trees were sown.
b Mean acorn fresh weigh (i  sd) were obtained by weighing the entire family before sowing.
c  Seedlings with swelling flush bud or elongating flush were considered to have initial flush development.

each family on April 25. Seedlings with swelling second
flush bud or elongating second flush were counted for all
families on May 29. All seedlings were lifted in late January
2001. Height, root collar diameter (RCD), and FOLR
number were recorded for all seedlings of each of the 12
ASO, 6 BSO, and 15 SRS families. Thirteen AS0 families
with 65 acorns per family per block were not evaluated for
these  g rowth  paramete rs .

In mid-April, 2000 we established the “All Flush Develop-
ment Sub-study” that intensively followed 10 ASO, five BSO,
and five SRS families. These families were part of those
assessed for height, RCD, and FOLR number at lifting. For
families with 65 acorn per replication every fifth seedlings
were tagged for observation. For those families with 130
acorns per replication, every tenth seedling was tagged.
This resulted in 13 seedlings per replication in each of the
20 families. Thus, a total of 520 seedlings were assessed
for flush development two to three times a week throughout
the growing season. The date of bud break as determined
by the first appearance of a flush leaf, flush length, and leaf
length were recorded.

P e r c e n t A S 0
I *  FOLR #

i

mean FOLR Y L:  3.8L

On June 12 ,  the  “Deta i led  F lush  Deve lopment  Sub-s tudy”
was in i t ia ted  on  an  add i t iona l  144 seed l ings  w i th  swe l l ing
third flush buds. These seedlings were labeled and
followed daily for flush elongation and leaf expansion.
Development of the fourth and fifth flushes were followed
every other day. This sub-study consisted of 68 seedlings
from 18 AS0 families, 9 seedlings from five BSO families,
and 67 seedlings from 13 SRS families. Flush length was
modeled  on  an  ind iv idua l  seed l ing  bas is  w i th  the  log is t i c
equat ion  de f ined as :

FLUSH = a
(1 4-e b +cDAY

1

where FLUSH = flush length (cm), DAY = days post bud
break, and a, b, c = parameters of the logistic function.
Non l inear  regress ion  was  used  to  es t imate  the  param-
eters using PROC NLIN (SAS Institute Inc. 1989). The
instantaneous rate of flush growth at a given day was
obtained by determining the slope of the specific logistic

can  FOLR X E 2

0 6 1 2 1 6 2 4 3 0 0 6 1 2 1 6 2 4 300 6 1 2 1 6 2 4 3 0
First Order Lateral Root Number

Figure l-Frequency distribution of first-order lateral root (FOLR) number of 1-O
white oak seedlings with height and root collar diameter in each FOLR group.
Acorns were from 12, 6, and 15 individual mother trees at Arrowhead Seed
Orchard, Beech Creek Seed Orchard, and Savannah River Site forest stands,
respectively.
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Table P-Comparisons between late emerging (after April 15,200O)  and normal emerging white oak seedlings
from individual mother trees at Arrowhead Seed Orchard (ASO),  Beech Creek Seed Orchard (BSO), and
Savannah River Site forest stands (SRS)

Emergence S e e d Germinat ion Height R C D FOLR
t ime s o u r c e Pet c m m m #

Normala ASOb 9 0 . 0 82rt35.0 9.0r3.3 3.8k4.9
L a t e AS0 0 . 5 52~28.0 5.6i2.2 1.4k2.2
Norma l B S O 7 2 . 0 49r28.3 8.1 i2.7 2.7i3.6
L a t e B S O 7 . 2 33i16.8 6.1k2.0 0.9*1.7
Norma l S R S 8 6 . 0 82r30.6 8.6zt2.8 3.9k4.5
L a t e SW 2 . 4 48i29.8 5.1~2.5 1.0~2.3

a  S e e d l i n g s  g e r m i n a t e d  b e f o r e  A p r i l  1 . 5 .
b  Twelve ASO,  5 BSO, and 15 SRS families were assessed. Family NAWO-23 was not included because it only had 5 percent
g e r m i n a t i o n .

equation evaluated at that day. This was found by differen-
tiation with respect to DAY, yielding

SLOPE = -a~e~+“~”
U+e  1b+cDay 2

and then substituting the appropriate day in this equation.
The inflection point of the logistic function is where the
ins tan taneous  ra te  o f  f l ush  g rowth  reaches  i t s  max imum
and begins to slow down. It is found by setting the second
derivative equal to zero and solving for DAY, which yields
inflection Day = -b/a

RESULTS AND DISCUSSION

Main Study
Germinat ion  percentages were  s imi la r  be tween AS0 and
SRS fami l ies  w i th  BSO hav ing  25  percen t  less  germina t ion
in March and April (table 1). By April 5, all but six families
had more  than 80  percent  germinat ion  (da ta  no t  shown) .
Fami l i es  ASO-1,  NAWO-23,  SAWO-38,  SAWO-28,  NAWO-
29, and NAWO-28 had 55, 5,48, 73, 78, and 79 percent
germination, respectively. The latter five families were from
the Beech Creek Seed Orchard. No correlation existed
between acorn  we igh t  and germinat ion  percent  o f  ind i -
vidual families. Of these seed sources, more AS0 seed-
lings started forming the first flush on April 25 and the
second flush on May 29 than seedlings of the other two
groups. More SRS seedlings had the second flush than
BSO on May 29 (table 1).

When seed l ings  were  poo led  w i th in  each seed source  and
stratified based on their FOLR numbers, all three seed
sources exhibited a reversed J distribution (figure 1). This
re la t ionsh ip  was a lso  exh ib i ted  on  an  ind iv idua l  fami ly
basis (data not shown). Similar FOLR distributions have
been reported for loblolly  pine (Kormanik and others 1990)
and var ious  oak  spec ies  inc lud ing  wh i te  oak  (Korman ik
and others 1997). Sixty-seven percent of ASO, 65 percent of
SRS, and 70 percent of BSO seedlings had fewer than their
respective mean FOLR number (figure 1). These values

were comparable to the white oak results observed by
Kormanik and others (1997). In the present study, 33, 30,
and 38 percent of ASO, SRS, and BSO seedlings, respec-
tively, had zero FOLR. Correlation coefficients between
FOLR number and RCD were 0.75,0.74, and 0.72 for ASO,
BSO, and SRS seedlings. Correlation coefficients between
FOLR number and height were 0.64, 0.69, and 0.55 for
ASO,  BSO, and SRS seedlings. Mean RCD were similar
among th ree  seed sources  whereas  BSO seed l ings  were
40 percent shorter than AS0 or SRS seedlings (figure 1,
table 2). There was a higher percent of late emerging BSO
seedlings than SRS seedlings (table 2). Only a few AS0
seedlings emerged after April 15. All the late emerging
seedlings were smaller in size and had fewer FOLR than
the normal  seed l ings  ( tab le  2 ) .

Family SRS-596 had 85 percent germination on April 5 and
about 35percent of these seedlings were albino, that is,
their leaves had very low levels of chlorophyll. These
seedlings eventually died. Furthermore, compared to the
SRS group means,  the  green SRS-596 seed l ings  were
smaller in size with 47 centimeter height and 6.8 millimeter
RCD, but had 4.2 FOLR which is comparable to SRS group
mean. Family KYWO-31 is the only grafted tree that had 91
percent germination in April. Still, mean height for this
family was only 55 centimeter. Results from previous
studies of acorns collected from grafted mother trees at
BSO, including some of the same families in this study,
showed low germina t ion  percen t  and  shor t  seed l ing  s ize
(Kormanik and others 1997). Reasons for poor germina-
tion and shorter stem for progenies from most grafted
mother trees in Beech Creek Seed Orchard are unclear.
This study indicated that based on germination percent,
morpho logy ,  and  g rowth  parameters ,  ASO-1,  SRS-596,  and
all BSO mother trees produce poor quality progeny.

Detailed Flush Development Sub-study
Figure 2 shows the daily growth of the third flush of an ASO-
16 seedling with leaf length (long axis) expansion for the
fourth leaf from the bottom of the flush. Most of the 144
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Table 3-Growth and developmental parameter means (& sd) of 520 white oak seedlings from indi-
vidual mother trees at Arrowhead Seed Orchard (ASO),  Beech Creek Seed Orchard (BSO), and
Savannah River Site forest stands (SRS)

Heigh t  ( cm)
Root  co l la r  d iamete r  (mm)
First-order lat  root number

1st flush to 2nd flush
2nd flush to 3rd flush
3rd flush to 4th flush
4th flush to 5th flush

AS0 BSO S R S

General Growth Parameters
80i32.8 50t29.6 76zt33.6

9.4252.9 8.3rt2.6 8.0t2.9
3.9*5.1 2.6~3.8 4.3k6.0

From Bud Swelling to Bud Swelling (d)
32.5~52
32.2zt4.1
33.0~~~4.6
32.4i3.0

32.4rt3.9 32.81t6.1
35.9r6.0 33.223.9
35.8zt5.4 33.ozk3.5
32.Okl.4 33.Ok5.5

Epicotyl 10.3+2.1
1st flush” 7.9i3.2
2nd  f l ush 16 .7 r t 5 .6
3 rd  f l ush 26.226.4
4th flush 36.2k9.1
5th flush 31 .Oc9.8

1st flush 99
2nd  f l ush 98
3 rd  f l ush 8 7
4th flush 5 3
5th flush 9

Flush Length (cm)
8.Ok2.3
4.6r2.4

14.9k6.1
27 .0 r t10 .0
38.Ok17.7
26.2k4.7

Seedling Percentage (pet)
1 0 0

8 9
6 0
1 6

2

9.lrt2.0
7.lk2.5

14.5r5.2
25.2rt7.1
35 .2 r t 9 .9
27.6k8.8

100
9 8
8 8
5 7

9

B Mean flush length was derived from sum of flush length divided b number of seedlings with that given flush, instead
of total seedling number. Therefore, sum of epicotyl length and all ive flush lengths is greater than measure height.Y

AS04 6 (#708)
1’1’1’ 1’1’1’ I ’ 1 ’

32 3rd flush

L 1 I

Days Post Bud Break

F i g u r e  2-Dai ly  e l o n g a t i o n  o f  t h e  t h i r d  f l u s h  a n d  l e a f  l e n g t h
extension of the fourth leaf from the bottom of the third flush
in a white oak seedling from family ASO-  6.

seed l ings  se lec ted  fo r  the  Deta i led  F lush  Deve lopment
Sub-study had similar temporal patterns for flush’elonga-
tion and leaf expansion curves. Generally, flush elongation
was linear between 4 and 13 dpbb (figure 2). Leaf expan-
s ion lagged severa l  days  beh ind ac t ive  f lush  e longat ion .
There seemed to be a span of one week between leaf
maturation and appearance of the next flush bud for most
seed l ings .

For the Detailed Flush Development Sub-study, only the
third, fourth, fifth flush growth curves of AS0 seedlings were
presented in figure 3. Similar curves were observed with
SRS seedlings (data not shown). Inflection points for the
third, fourth, and fifth flushes of AS0 seedlings were 9.7,
12.4, and 10.9 dpbb. Slopes, (i.e., elongation rates,
centimeter/day), at the inflection point for the third, fourth,
and fifth flush were 3.9, 3.7, and 4.6 (figure 3). Inflection
point (dpbb) and its slope for the third, fourth, and fifth
flushes of SRS seedlings were as follows: 9.6 and 3.4,
11 .l and 3.5, and 10.1 and 4.3, respectively. The third flush
growth curve of BSO seedlings had the inflection point at
10.9 dpbb with a slope of 4.5.
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Figure 3-Logistic curves for third, fourth, and fifth flush develop-
ment of the same white oak seedlings from Arrowhead Seed
Orchard. The inflection points were indicated with arrows. Sixty-
eight seedlings were included for the third flush development. Of
these seedlings, 63 had the fourth flush and 37 produced the fifth

a  Istflush a  ht [I red _-  folr # $yflush  #
‘1

IOOC 1 410

<3 3-5 5-7 7-9 9-11 > 11

(W (17) (23) (23) (15) (10)
First Flush Length, cm (Seedling PCT)

F igure  4-Growth  parameter  m e a n s  o f  5 2 0  1 - O  w h i t e  o a k
seedlings grouped by the length of their first flushes. Acorns
were from 10, 5, and 5 individual mother trees at Arrowhead Seed
Orchard, Beech Creek Seed Orchard, and Savannah River Site
forest stands, respectively. Values in parentheses were
centages  of seedlings in each group.

All Flush Development Sub-study
The 520 seed l ings  se lec ted  fo r  the  A l l  F lush  Deve lopment
Sub-s tudy  had  s im i la r  he igh t ,  RCD,  and  FOLR number  to
their corresponding group in the Main Study (table 3 versus
figure 1). Seedlings of AS0 and SRS were also compa-
rab le  in  a l l  g rowth  parameters  inc lud ing  ind iv idua l  f lush
length and flush number (table 3). More than half of AS0
and SRS seed l ings  had four  f lushes  as  compared to  on ly
16 percent for BSO seedlings. Furthermore, BSO seed-
lings had the shortest first flushes.

First flush buds began to swell in late April. Mean julian
days for swelling of the first flush buds were 118 rt  5.0, 120
-t 6.8, and 121 rt 7.7 for ASO, BSO, and SRS, respectively. A
span of 33 days existed from the swelling of a flush bud to
the swelling of the subsequent flush bud for all flushes of

AS0 and SRS seedlings (table 3). However, BSO seed-
lings had a span of 36 days for second to third and for third
to fourth flush bud swelling. For some seedlings, when a
bud appeared much later than the average bud to bud span
of 33 to 36 days, these buds usually remained tight for the
rest of the growing season. For all seedlings, each flush
was longer than its previous flush except for flush five
which was shorter than the fourth (table 3). This might be
related to a shortening photoperiod during the fifth flush
deve lopment  in  September .

It has been reported that heritability estimates are in the
range of 0.55 to 0.92 with small standard errors for various
oak spec ies  (Kormanik  and o thers  1997)  and lob lo l l y  p ine
(Kormanik and others 1990). Seedlings with many FOLR
are competitors in the nursery and perform well after
ou tp lan t ing  (Korman ik  and o thers  1998,  th is  p roceed ings) .
Thus, in our effort to artificially regenerate oak stands on
high quality mesic  sites, three criteria have been used to
grade 1-O seedlings at lifting (Kormanik and others
1997,1998,2000).  They are $60 centimeter height, $7
millimeter RCD, and $ 5 FOLR for white oak (Kormanik and
others 2000). The mean FOLR was suggested to be the
most important seedling selection criterion (Kormanik and
others, 1997, 1998, 2000). In this study, mean FOLR for
AS0 and SRS was about 4 (table 2). Mean FOLR for BSO
was 2.6. Seedlings which met at least two of the three
criteria, namely $ mean FOLR, $ 8 millimeter RCD, and $
70 cent imeter  he igh t  were  ou tp lan ted  on  var ious  Nat iona l
Forests in Georgia, South Carolina, North Carolina, and
Tennessee in  February  2001 fo r  seed orchard  es tab l i sh-
ment. Field performance of these seedlings will be
followed over time.

Figure 4 presents the 520 seedlings in the All Flush
Development Sub-study based on their first flush length. It
is evident that seedlings with first flushes shorter than 5
centimeter did not meet two of our three nursery grading
standards. About forty percent of the seedlings were
evaluated as low quality stocks (figure 4). Since most
seedlings finished their first flush elongation by mid-May, it
might be feasible to assess the quality of first year nursery-
grown seedlings by mid-May. All seedlings in this sub-
study were transplanted into nearby nursery beds at
Whitehall Experiment Forest. Their performance also will
be moni tored.

Combin ing  the  da ta  o f  germina t ion  percent ,  seed l ing
morphology (such as albino leaf), and first flush length, one
should be able to identify competitive progeny before June.
For example, most seedlings from BSO had first flush
lengths shorter than 5 centimeter, mean heights less than
70 centimeter, and germination rates less than 80 percent
(tables 1, 3). Acorns from these grafted mother trees
should not be collected in the future for artificial oak
regeneration. Our future study will test the following two
hypotheses: that heritability estimates for first flush length
of 1-O nursery-grown oak seedlings are similar to those for
FOLR number  and tha t  there  are  h igh  cor re la t ions  be tween
these two parameters. In addition to FOLR number, first
flush length might be a good indicator of seedling competi-
tiveness and performance in the nursery and field.
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HAND PLANTING VERSUS MACHINE PLANTING OF
BOTTOMLAND RED OAKS ON FORMER AGRICULTURAL
FIELDS IN LOUISIANA’S MISSISSIPPI ALLUVIAL PLAIN:

SIXTH-YEAR RESULTS

Alexander J. Michalek, Brian Roy Lockhart,  Thomas J. Dean,
Bobby D. Keeland,  and John W. McCoy’

Abstract-Interest in restoring bottomland hardwoods on abandoned agricultural fields has
g a i n e d  c o n s i d e r a b l y  o v e r  t h e  p a s t  1 5  y e a r s ,  d u e  p r i m a r i l y  t o  f e d e r a l  c o s t - s h a r e  p r o g r a m s  s u c h
as the Conservation Reserve Program and the Wetlands Reserve Program. While a variety
of artificial regeneration techniques are available to afforest these lands, none have met
with consistently successful results, especially in the Mississippi Alluvial Plain. Therefore, a
study was initiated to compare a variety of regeneration techniques for afforesting
p r e v i o u s l y  f a r m e d  b o t t o m l a n d  h a r d w o o d  s i t e s .  I n  t h i s  p a p e r  w e  r e p o r t  t h e  r e s u l t s  f r o m  h a n d
p l a n t e d  v e r s u s  m a c h i n e  p l a n t e d  1 - O  b a r e - r o o t  b o t t o m l a n d  r e d  o a k  s e e d l i n g s .  F o u r  s i t e s  i n  t h e
M A P  i n  L o u i s i a n a  w e r e  p l a n t e d  w i t h  e i t h e r  1  o r  2  s p e c i e s  i n  a  r a n d o m i z e d  c o m p l e t e  b l o c k
d e s i g n .  S i t e s  a n d  s p e c i e s  p l a n t e d  i n c l u d e d  B a y o u  M a c o n  W i l d l i f e  M a n a g e m e n t  A r e a  [WMA;
Nuttall  o a k  (Quercus  nuffallii  P a l m e r )  a n d  w i l l o w  o a k  (0.  phellos  L . ) ] ,  L a k e  O p h e l i a  N a t i o n a l
Wildlife Refuge (NWR; Nut-tall oak), Ouachita WMA (willow oak), and the Tensas NWR [Nuttall
oak and water oak (0.  nigra  L.)]. Results after 6 growing seasons indicated little difference
in density, survival, planting success, and stocking between planting methods. Densities
ranged from 280 Nuttall  oak seedlings per acre machine planted at the Tensas NWR to 67
willow oak seedlings per acre machine planted at the Bayou Macon WMA. Nuttall  oak also
tended to have higher survival (81 percent) compared to willow oak (56 percent) and water
oak (38 percent). When volunteer oak and ash were included, all site-species-planting
method combinations met the minimum criteria for successful afforestation, but all combina-
tions failed to meet minimum stocking levels necessary for quality sawtimber production.

INTRODUCTION
Interest in restoring bottomland hardwood forests on former
agricultural land (afforestation) has increased considerably
over the past 15  years (Allen and Kennedy 1989, Schweitzer
and Stanturf  1997, Gardiner and others In press). This interest
on private lands has coincided with the advent of several
government cost-share programs that provide financial
assistance to establish trees on these lands; chief among
these programs are the Conservation Reserve Program and
the Wetlands Reserve Program (WRP) (Cubbage and Gunter
1987, Kennedy 1990). Interest in restoring bottomland
hardwood forests on public lands is due to the recognized
importance of these forests for their various wildlife habitat
functions and values (Richardson 1994). Nearly 100,000 acres
of former agricultural land had been afforested in the Missis-
sippi Alluvial Plain (MAP) of Arkansas, Louisiana, and Missis-
sippi by 1995 with potentially another 110,000 acres by 2005
(Stanturf and others 1998).

Common a f fo res ta t ion  techn iques  invo lve  e i ther  p lan t ing
seedlings or sowing seed, particularly oak (Quercusspp.)
acorns (Stanturf and others 1998, Gardiner and others In
press). Much debate has existed concerning which technique
is superior to ensure greatest success of afforestation efforts.
Sowing seed is often touted as an easier and cheaper

afforestation technique than planting seedlings (Bullard
and others 1992). Direct seeding also has a larger planting
window compared to  p lan t ing  seed l ings  (Johnson 1983) .
L ikewise ,  advantages  to  p lan t ing  seed l ings  inc lude an
easier evaluation of the planting operation, and potentially
greater survival and growth (Ozalp and others 1998).
Because pas t  exper ience  w i th  d i rec t  seed ing  has  no t  been
as  success fu l  as  des i red ,  severa l  s ta te  agenc ies  requ i re
that seedlings be used to qualify for government cost-share
programs (Mr .  Lar ry  Nance,  A rkansas  Fo res t r y  Commis -
sion, Little Rock, AR, pers. comm.).

The question that arises once a decision has been made to
plant seedlings is whether to hand plant or machine plant. A
common recommendation is to machine plant if possible
because machine planting can substantially speed up the
planting job in soils other than heavy clays (Allen and Kennedy
1989). It is commonly cited that one person can hand plant
between 600-800 hardwood seedlings per day if conditions are
good (Allen and Kennedy 1989, Kennedy 1990, Kennedy 1993)
while an experienced crew of two or three people can machine
plant 4,000-l 0,000 hardwood seedlings per day (Kennedy
1990, Kennedy 1993, Stanturf  and others 1998). Many of the
comments regarding hand planting or machine planting oak
seed l ings  on  bo t tomland s i tes  are  based on persona l

‘Graduate Research Assistant and Associate Professors, School of Forestry, Wildlife, and Fisheries, Louisiana State University, Baton
Rouge, LA 70803; Research Ecologist and General Biologist, USGS, National Wetlands Research Center, Lafayette, LA 70506, respectively.

Citation for proceedings: Outcalt,  Kenneth W., ed. 2002. Proceedings of the eleventh biennial southern silvicultural research conference
Gen. Tech. Rep. SRS-48. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 622 p.

352



observations or results with planting pine (Pinus  spp.)
species on upland sites (Ezell  1987, Long 1991). Little
work  has  focused  on  d i rec t  compar isons  o f  hand  versus
mach ine p lan t ing  hardwood seed l ings  on bot tomland s i tes
(Russell 1997, Russell and others 1998). The objective of
th i s  research  was  to  compare  hand  versus  mach ine
p lan t ing  o f  severa l  bo t tomland red  oak  spec ies  on  fo rmer
agricultural fields at different locations in the MAP in
Lou is iana.  S ix th -year  pos t -p lan t ing  resu l ts  a re  presented .

MATERIALS AND METHODS

Locations
The study was conducted on abandoned agricultural fields at 4
locations in Louisiana’s MAP. Though none of these sites
receive direct flooding from a major river system (i.e., the
Mississippi River or the Red River), each site floods from
localized weather events and backwater of minor rivers and
bayous. Each site is described separately below.

The Bayou Macon Wildlife Management Area (WMA) is located
in East Carroll Parish in northeast LA. The study site is located
about 2.5 miles east of Bayou Macon, north of East Carroll
Parish Highway 3330. The forest was cleared in the 1960s and
planted to agricultural crops. The area was purchased in 1991
by the Louisiana Department of Wildlife and Fisheries (LDWF)
and converted into a state wildlife management area. Soils are
Sharkey clay (very-fine, smectitic, thermic Chromic
Epiaquerts) based on a detailed survey by National Resource
Conservation Service (NRCS) personnel (NRCS soil survey
field notes for each site are on file with the School of Forestry,
Wildlife, and Fisheries (SFWF), Louisiana State University
(LSU), Baton Rouge, LA) with an estimated site index, based
age 50 years, of 90 for Nuttall  oak (Q. nurfa//iiPalmer)  (Baker
and Broadfoot 1979).

The Lake Ophelia National Wildlife Refuge (NWR) is located in
Avoyelles Parish in east-central LA. The study site is located
2-4 miles, depending on replication, from the Red River and is
protected from river flooding by the main-line levee system.
The forest on this site was cleared in the 1960s and planted to
agricultural crops. The area was purchased by the U.S.
Department of Interior Fish and Wildlife Service (FWS) and
converted to a federal national wildlife refuge. Soils are of the
Tensas/Sharkey complex (Tensas  silty clay - fine, smectitic,
thermic Aeric  Epiaqualfs) with the former soil occupying ridges
and the latter occupying lower elevation areas. Nuttall  oak site
index was estimated to be 90 (Baker and Broadfoot 1979).

The Ouachita WMA is located in Ouachita Parish in north-
east LA. The study site is located about six miles southeast
of Monroe, LA south of Highway 15 near the Bayou
LaFourche  River. The forest on this site was cleared in the
1960s or 1970s and planted to agricultural crops. The area
was purchased in 1984 by the LDWF and converted to a
state wildlife management area. Soils are a mixture of
Portland silty clay (very-fine, mixed, nonacid,  thermic Vertic
Haplaquepts) and Hebert  silt loam (fine-silty, mixed,
thermic Aeric  Ochraqualfs). Inspection of the soil prior to
study establishment indicated that the Herbert silt loam is
shallow (8-9 inches) and turns powdery when dry. This soil

is underlain by the Portland clay. Nuttall  oak site’ index was
estimated to be 85 (Baker and Broadfoot 1979).

The Tensas  NWR is located in Madison Parish in northeast
LA. The study site is located about seven miles south of
Interstate 20, three miles northeast of the refuge headquarters,
and about one mile east of the Tensas  River. The forest on this
site was cleared in 1970s and planted to agricultural crops.
The area was eventually purchased by the FWS and con-
verted to a federal wildlife refuge. Soils are of the Tensas/
Sharkey complex as previously described. Nuttall  oak site
index was estimated to be 90 (Baker and Broadfoot 1979).

Planting Methods/Design
As part of a larger afforestation study, 14 combinations of
direct seeding and planting seedling treatments were utilized
(see McCoy and others (2002) in this conference proceed-
ings for a complete description of the direct seeding
treatments). Two of these 14 combinations involved hand
planting and machine planting of 1-O red oak seedlings.
These two treatments are the focus of this paper.

At each study site, 1 -acre square treatment plots (209 feet on
each side) were laid out for each treatment. Each plot was
surrounded by a 33-foot  buffer zone to allow equipment to turn
around without affecting neighboring plots. For the seedling
planting treatments, each plot was tilled in the Fall 1993 prior
to planting. Bare-root, 1-O planting stock purchased from the
LA Department of Agriculture and Forestry’s Columbia Nursery
was used at each site. Three red oak species were utilized in
the study: Nuttall  oak and willow oak (Q. phellos  L.) at the
Bayou Macon WMA, Nuttall  oak at the Lake Ophelia NWR,
willow oak at the Ouachita WMA, and Nuttall  oak and water
oak (Q.  nigra L.) at the Tensas  NWR. Nuttall  oak was the
primary species used due to proven success at various
afforestation sites throughout the MAP. The other species were
chosen based on site conditions, and to compare with Nuttall
oak if space at the site permitted. Planting was done in
January or February, 1994 at each site. The target spacing
was 12 feet by 12 feet or 302 seedlings for the 1 -acre plot. The
general design was to plant 17-18 seedlings in each of 17
rows (289-306 seedlings per acre). Hand planting was
conducted using dibble bars. Machine planting was done
using a lift planter on the state wildlife management areas
which made furrows 6-10 inches deep (averaged 8 inches)
depending on soil moisture conditions. Machine planting on the
national wildlife refuges was done using a FESCO planter.
While a general plan for planting was developed, final planting
operations were conducting by officials associated with each
wildlife management area or national wildlife refuge. The
purpose for this decentralized control was to make operations
as practical and applicable as possible, but problems did
occur. Weather conditions at several sites resulted in machine
planting being conducted under wet conditions. Such condi-
tions, combined with the heavy clay soils, resulted in clay
clogging the planting machine and some seedlings not being
planted optimally. Furthermore, the target spacing was not
always obtained due to mechanical problems with the
machine planter, site conditions, and the way planted seed-
lings were counted.
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Measurements and Analyses
Measurements for each of the 4 study sites were con-
duc ted  dur ing  November  1999,  6  g rowing  seasons  a f te r
planting. Four 0.025acre (O.Ol-ha)  circular plots were
established 20 meters diagonally from each of the four
corners for each square l-acre treatment plot. In each
measurement  p lo t ,  a l l  t ree  seed l ings  and sap l ings
(including natural reproduction) were tallied in 1 of 6 size
classes by species: O-30 cm tall, 30-50  cm, 50-100 cm,
loo-140 cm, 140 cm - 2.5 cm dbh, and > 2.5 cm dbh.
These  s ize  c lasses  co r respond  to  a  s tandard  samp l ing
pro toco l  used  by  the  USGS Wet lands  Research  Cente r  in
Lafayette, Louisiana. A pvc stake flag was placed at each
measurement  p lo t  cen te r  and  e lec t ron ic  measur ing
devices were used to circle the plot while tallying trees by
size class.

Analyses involved determining density, survival, and
success of oak species planted in each plot, and stocking
va lues  o f  des i red  spec ies  (bo th  p lan ted  oaks  and vo lun teer
oaks and green ash). All plot-level counts were converted to
per -acre  va lues  and averaged across  each p lo t  to  ob ta ined
density (number of stems per acre) by size class. Size
c lasses  were  then  summed to  ob ta in  to ta l  number  o f
stems by plot. Survival was calculated by dividing the
density counts by the actual number of seedlings planted,
while planting success was calculated by dividing the
density counts by the target number of seedlings planted
(302 per acre). Stocking values were determined by
assigning point values to each size class following
Johnson ’s  (1980)  bot tomland hardwood regenera t ion
evaluation model as updated by Hart and others (1995).
Size-class counts were done using the metric system of
un i ts  wh i le  the  bot tomland hardwood regenera t ion  eva lua-
t ion  mode l  used Eng l i sh  un i ts .  There fo re ,  the  fo l low ing
points were assigned to each size class for oak and ash,
respectively: (1) O-30 cm; 0.5 points for both, (2) 30-50  cm
and 50-100 cm; 2 and 6 points, and (3) loo-140 cm, 140
cm - 2.5 cm dbh, and >2.5  cm dbh; 3 and 6 points. This
po in t  ass ignment  c lose ly  fo l l ows  those  deve loped  by  Har t
and  o thers  (1995)  us ing  s ize  c lasses  based in  Eng l i sh
units. Each plot was considered stocked if it contained >
12.0 points for a 0.01 -acre plot. Density counts were
adjusted from the O.Ol-ha measurement plot to a O.Ol-acre
p lo t .  Ana lys is -o f -va r iance  us ing  a  randomized  comple te
block design with 3 replications per site and planted
spec ies  was  used to  compare  hand p lan t ing  and mach ine
planting treatments by site. Blocking was done by elevation
of the site, i.e., ridges, flats, etc. Variables analyzed in-
cluded density, survival, planting success, points, and
s tock ing .  Ana lyses  were  conduc ted  us ing  PC-SAS and  an
alpha level of 0.05 was used to determine significant
d i f fe rences  (SAS 1985) .

RESULTS AND DISCUSSION

Density
Seedling density, 6 growing seasons after planting ranged
from 280 per acre for machine-planted Nuttall  oak on the
Tensas  NWR site to 67 per acre for machine-planted willow
oak on the Bayou Macon WMA site (table 1). Only one
significant difference was found between planting methods
with hand-planted willow oak having a greater density than

machine-planted willow oak (table 1). In general, Nuttall
oak plantings resulted in greater densities than the other
oak species, especially when planted on the same site.

WRP guidelines state that for a site to be considered
successfully afforested 125 stems per acre (either planted
or natural) must be present 3 years after planting. Seventy-
f i ve  pe rcen t  o f  the  s i te -spec ies - t rea tment  comb ina t ions  met
th is  m in imum a l though  these  dens i t ies  represen t  6  years
after planting instead of 3 years. Of interest is that all the
Nuttall  oak site-planting method combinations met this
criteria, while only 3 of the 6 other site-species-planting
method  comb ina t ions  met  th i s  c r i te r ia .  When vo lun teer
oaks and green ash were included in density calculations,
all sites met the 125 stems per acre WRP minimum criteria
for successful afforestation.

Survival
Survival 6 years after planting ranged from 97 percent for
machine planted Nuttall  oak on the Tensas  NWR to 26 percent
for machine planted willow oak on the Bayou Macon WMA
(table 1). As with density, Nuttall  oak tended to perform better
than either willow oak or water oak when planted on similar
sites. This was especially true for the Tensas  NWR site.
Nuttall  oak averaged 92 percent survival across treatments
while water oak averaged only 38 percent.

Various factors may have influenced these survival values.
First, the sampling protocol involved 4 subplots for each
treatment plot. Standard error values associated with each
survival value ranged from 3 for hand-planted willow oak to 16
for hand-planted Nuttall  oak, both on the Bayou Macon WMA.
Sampling error must be taken into account when interpreting
these survival values (table 1). Second, state wildlife manage-
ment areas and federal wildlife refuges were planted by
personnel associated with each agency. On several sites, the
number of seedlings planted was calculated by subtracting the
number of seedlings left in nursery package bags from an
assumed total number of seedlings in the bag prior to planting.
This assumption was not always correct as seedling counts in
several bags was less than indicated on the bag label. A third
factor involved seedling quality. Planting records indicated that
several seedlings were simply too small (less than 18 inches
in height and 0.5-0.75 inches in root-collar diameter). Small
seedlings planted in abandoned agricultural fields are at a
disadvantage to competing vegetation due to less stored food
reserves in the root system. Another seedling quality issue
was mixing of species. It was noted in the records that water
oak seedlings were mixed with the willow oak seedlings at the
nursery; therefore, some water oak was planted in willow oak
treatment plots. Water oak, being less flood tolerant than
willow oak, would be expected to have higher mortality rates
on several of the sites used in this study.

Success
Regenera t ion  success  eva lua tes  the  cur ren t  dens i t y  o f
seedlings and saplings compared to the target planting rate
set prior to the planting operation. If the target rate is met
during the planting operation then survival and success are the
same measures. But rarely does operational planting meet
target rates; therefore, regeneration success may be a better
criteria to evaluate the longer-term results of afforestation
e f fo r t s .  Regenera t ion  success  c lose ly  fo l l owed  su rv i va l
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Table l-Sixth year density, survival, regeneration succuss,  and stocking by site, species, and planting method for
bottmland red oaks planted on abandoned agricultural fields in Louisiana’s Mississippi Alluvial Plain Numbers in
parentheses represent one standard errop

Site S p e c i e s Planting
Treatment

Initial
D e n s i t v

1 9 9 9
D e n s i t v

S u r v i v a l Success Points S t o c k e d
P l o t s

willow oak

L a k e  O p h e l i a  N W R Nuttall  oak

Ouachita WMA willow oak

B a y o u  M a c o n  W M A Nuttall  oak hand

m a c h i n e

hand

m a c h i n e

hand

m a c h i n e

h a n d

m a c h i n e

Tensas N W R Nuttall  oak hand

m a c h i n e

water oak hand

m a c h i n e

stemslac

300
(2)

stems/at

226
(47)

p e r c e n t p e r c e n t unitless

13.0
(2.7)

p e r c e n t

42

286 250
(10) (9)

281
(2)

148
(9)

269
(f1, (z:,

330a
(0)

169
(29)

306b
(0)

273
(20)

297
(1)

233a
(21)

276
(21)

1 8 5 b
(17)

289
(0)

253
(36)

( “33
(‘9’,

(7:)
(“79

7 7 a
(7)

61b
(6)

10.4
(0.9)

14.7
(2.8)

7.4
(4.0)

4.7
(0.6)

10.4
(1.3)

6.5a
(0.6)

5.2b
(0.6)

11.2
(2.2)

25

50

17

0

25

0

0

33

289 280 10.8 33
(0) (38) (1.1)

289 101 7.1 17
(0) (16) (2.9)

289 121 6.9 17
(0) (23) (1.4)

-
W R P

Success

yes

yes

yes

n o

yes

yes

yes

yes

yes

yes

n o

n o

“Numbers followed by different letters within a site, species, planting combination are significantly different at p = 0.05

trends in this study (table 1). initial planting density usually
did not reach the target density of 302 seedlings per acre
(table 1). On several sites, initial density was as low as 90
percent of the target planting density. Variable initial density
resu l ted  f rom d i f f i cu l t  p lan t ing  cond i t ions  fo r  mach ine
planting on several sites and simply running out of seed-
l ings .  Regenera t ion  success  though  was  no t  we l l  co r re -
lated with the initial density. The highest initial density, 330
hand-planted Nuttall  oak on the Lake Ophelia NWR, had
only 56 percent success 6 years later. Obviously, other
factors are involved in the success of artificial regeneration
efforts than simply how many seedlings are initially
p lanted.

Stocking
Johnson (1980)  in i t ia l ly  deve loped a  regenerat ion
eva lua t ion  sys tem fo r  bo t tomland  hardwoods .  Po in ts  were
ass igned to  regenera t ion  present  be fore  a  harves t
(advance regeneration) based on their size and to trees
based on  the i r  s tump sprou t ing  po ten t ia l .  Us ing  O.Ol -ac re
c i rcu la r  p lo ts ,  po in ts  wou ld  be  summed fo r  des i rab le
spec ies  un t i l  a  m in imum th resho ld  o f  12  po in ts  was
reached. Once 12 points was obtained then the plot was
cons ide red  fu l l y  s tocked  w i th  des i rab le  spec ies .  Th is
regenera t ion  eva lua t ion  sys tem was deve lop  fo r  na tu ra l

regenera t ion  o f  p re-ex is t ing  bot tomland hardwood s tands
wi th  a  management  ob jec t i ve  o f  g rowing  h igh-qua l i t y
sawlogs.  The system was later modified by Hart and others
(1985) and Belli  and others (1999) based on additional
research  in to  the  regenera t ion  dynamics  o f  bo t tomland red
oaks  and green ash fo l low ing  harves t ing .  Whi le  deve loped
fo r  p re -ex is t ing  s tands ,  th i s  regenera t ion  eva lua t ion  sys tem
may be applied to afforested situations because we believe
that stocking principles, such as points by size class and
distribution of stocked plots, are similar regardless of
s tand  in i t i a t ion  cond i t ions .

The average number  o f  po in ts  scored  by  t rea tment  ranged
from 14.7 for the hand-planted willow oak on the Bayou
Macon WMA to 5.2 for machine-planted willow oak on the
Ouachita WMA (table 1). The latter site was the only one in
which a significant difference in the number of points
occur red  w i th  hand-p lan ted  p lo ts  hav ing  more  po in ts  than
machine-planted plots. In general, sites planted with Nuttall
oak scored better than sites planted with either willow oak
or water oak. Only 2 of the r 12 site-species-planting
method combina t ions  averaged po in ts  12 ,  the  Bayou
Macon WMA hand-planted Nuttall  oak and willow oak
treatments. Plots on this site tended to have a significant
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component  o f  na tu ra l  g reen  ash  tha t  was  d is t r ibu ted  f rom
an adjacent stand. The remaining 10 combinations scored
less  than  the  m in imum necessary  to  be  cons idered  fu l l y
stocked although four of these combinations average > 10
po in ts .

Hart and others (1995) warned not to average points
across  p lo ts  because  an  average  score  may  ind ica te  tha t
regeneration may be adequate when in reality only a few
plo ts  had cons iderab ly  greater  than average po in ts  tha t
skewed the  average score  h igher .  Har t  and  o thers  (1995)
recommended a  more  appropr ia te  app l ica t ion  o f  the
regenera t ion  eva lua t ion  sys tem wou ld  be  to  de te rmine  the
percentage of plots that met the minimum threshold of 12
po in ts .  Johnson and Deen (1993)  recommended tha t  60-
70 percent of the plots needed to meet the 12-point
minimum for the site to be considered adequately stocked.
The number of plots meeting this criteria ranged from O-50
percen t  ac ross  the  s i te -spec ies - t rea tment  comb ina t ions
(12 regeneration plots for each site-species-planting method
combination for a total of 144 plots; table 1); therefore, none of
the areas that were planted, regardless of planting method,
would be considered successfully regenerated after 6 growing
seasons if the primarily objective was quality sawtimber
product ion.

CONCLUSIONS
Little difference was found in the density, survival, and
p lan t ing  success  o f  bo t tomland red  oak  seed l ings  and
s tock ing  o f  oak  and  ash  seed l ings  and  sap l ings  be tween
hand p lan ted  and mach ine  p lan ted  t rea tments  6  years  a f te r
planting. But, according to notes taken during planting
operations (notes on file at the SFWF, LSU) and discus-
s ions  w i th  personne l  who conducted  the  p lan t ing  opera-
t ions ,  mach ine  p lan t ing  cond i t ions  were  less  than  idea l .
Officials with the LDWF indicated that when planting
operations are under ideal conditions, i.e., soils are neither
too wet or too dry, they consistently get 5-10 percent greater
surv iva l  fo r  mach ine  p lan t ing  compared to  hand p lan t ing
(Kenny Ribbeck  and Buddy Duprey, LDWF, Baton Rouge
and Pineville, LA, respectively). Others have also found
greater  surv iva l  o f  mach ine p lan ted bot tomland red  oak
spec ies  when compared to  hand p lan t ing  (Russe l l  and
others 1998). Results from this study indicate that various
cons ide ra t ions ,  such  as  s i te  cond i t i ons  and  cos ts ,  a re
necessary  in  de te rmin ing  whether  to  mach ine  p lan t  o r
hand p lan t  bo t tomland red  oak  seed l ings .

A second observation from this study was the success or
failure of the treatments depended on the afforestation
objective(s). Although 6-year results were presented, all site-
species-planting method combinations met the minimum
density required by the WRP program (keeping in mind that
WRP success is based on third-year post-planting observa-
tions). Success was obtained with only the planted oaks and
volunteer oaks and green ash. Other species were found in
the  measurement  p lo ts  (see  McCoy and  o thers  (2002)  in
th i s  con fe rence  p roceed ings ) ,  fu r the r  so l id i f y ing  WRP
success .  Concur ren t l y ,  a l l  s i t e -spec ies -p lan t ing  method
combinations failed to meet stocking criteria for quality
sawlog  production, even when volunteer oak and ash were
included in stocking calculations. The important point is

tha t  spec i f i c  management  ob jec t i ve (s )  shou ld  be  deve l -
oped  be fo re  a f fo res ta t ion  ac t i v i t i es  commence .

A third observation from this study was that Nuttall  oak
consistently outperformed willow oak and water oak. On
heavy clay soils, such as those found in the MAP, Nuttall
oak is often the preferred species, due to its greater flood
tolerance, on these potentially harsh sites. Results from
this study confirm other observations and studies that
Nuttall  oak is a preferred species for afforesting aban-
doned agricultural fields with clay soils in the MAP (Stanturf
and others 1998). It is very important that only quality
hardwood seed l ings  are  purchased f rom nurser ies ,  tha t
species are properly matched to site conditions, and that
cons tan t  overs igh t  i s  conduc ted  dur ing  p lan t ing  opera t ions .
Attention to these factors will increase the success of any
afforestation effort on bottomland sites (Gardiner and
others (In press), Stanturf  and others 1998).
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SUPPLEMENTAL PLANTING OF EARLY SUCCESSIONAL
TREE SPECIES DURING BOTTOMLAND HARDWOOD

AFFORESTATION

Daniel J. Twedt and FL Randy Wilson’

Abstract-Reforestation of former bottomland hardwood forests that have been cleared
for agriculture (i.e., afforestation) has historically emphasized planting heavy-seeded oaks
(Quercus  spp.) and pecans (Carya  spp.). These species are slow to develop vertical forest
structure. However, vertical forest structure is key to colonization of afforested sites by
forest birds. Although early-successional tree species often enhance vertical structure,
few of these species invade afforested sites that are distant from seed sources. Further-
more, many land mangers are reluctant to establish and maintain stands of fast-growing
plantation trees. Therefore, on 40 afforested bottomland sites, we supplemented heavy-
seeded seedlings with 8 patches of fast-growing trees: 4 patches of 12 eastern cotton-
wood (fopulus  deltoides)  stem cuttings and 4 patches of 12 American sycamore (Platanus
occidentalis)  seedlings. To enhance survival and growth, tree patches were subjected to 4
weed control treatments: (1) physical weed barriers, (2) chemical herbicide, (3) both
physical and chemical weed control, or (4) no weed control. Overall, first-year survival of
cottonwood and sycamore was 25 percent and 47 percent, respectively. Second-year
survival of extant trees was 52 percent for cottonwood and 77 percent for sycamore.
Physical weed barriers increased survival of cottonwoods to 30 percent versus 18 percent
survival with no weed control. Similarly, sycamore survival was increased from 49 percent
without weed control to 64 percent with physical weed barriers. Chemical weed control
adversely impacted sycamore and reduced survival to 35 percent. Tree heights did not
differ between species or among weed control treatments. Girdling of trees by deer often
destroyed saplings. Thus, little increase in vertical structure was detected between
growing seasons. Application of fertilizer and protection via tree shelters did not improve
survival or vertical development of sycamore or cottonwood.

INTRODUCTION
Throughout the world, and specifically within the
sou theas te rn  Un i ted  S ta tes ,  fo res ted  we t lands  have  been
lost (Turner and others 1981, Noss and others 1995).
Within the Mississippi River floodplain, over 7 million ha of
bo t tomland hardwood fo res t  have been los t  (Knutson and
Klaas 1998, Twedt and Loesch 1999). Most of this land is
now used for agriculture, but continued intermittent flooding
and unfavorab le  agr icu l tu ra l  p r ices  o f ten  resu l t  in  marg ina l
profitability. The uncertainty of financial return and
concur ren t  env i ronmenta l  concerns  assoc ia ted  w i th  the
loss  o f  fo res ted  we t lands  have  p rompted  conserva t ion
initiatives to reverse the loss of forested wetlands
throughout the United States and particularly within the
Mississippi Valley (Lower Mississippi Valley Joint Venture
Management  Board  1990,  Creasman and o thers  1992,
Muel le r  and o thers  2000) .  Spur red by  both  economic
cons idera t ions  and inc reased awareness  o f  the  eco log ica l
and societal benefits afforded by forested wetlands,
>180,000  ha currently in agricultural production are
anticipated to be afforested within the Mississippi Alluvial
Valley by 2005 (Stanturf and others 1998).

The eco logy  o f  bo t tomland  hardwood fo res ts  revea ls
succ inc t  success iona l  p rogress ions  in f luenced  by  so i l  and
hydro logy  (Hodges 1997)  and h igh  spec ies  d ivers i ty  (A l len
1997). Despite the temporal and taxonomic diversity within

bo t tomland  hardwood  fo res ts ,  a f fo res ta t ion  o f  bo t tomland
sites on public lands and on private lands, through forest
easements ,  has  h is to r i ca l l y  emphas ized  p lan t ing
seed l ings  o f  heavy-seeded hardwood spec ies  such as
oaks (Quercus spp.) and pecans (Carya  spp.) or sowing
seeds  (acorns )  o f  these  spec ies .  Indeed ,  oaks  and  sweet
pecan (Carya  illinoensis)  have been planted on nearly 80
percent of all afforestation in the Mississippi Alluvial Valley
(King and Keeland  1999).

P lan t ing  p redominant ly  oaks  in  bo t tomland res to ra t ions  i s
intended to provide a “jump-start” for succession toward
seasona l l y  wet  oak-hardwood fo res ts  (Kennedy  and
Nowack i  1997)  tha t  have  oaks  as  dominan t  canopy
spec ies .  Th is  spec ies  se lec t ion  has  been  jus t i f i ed
because of high value of subsequent timber harvest,
potential mast production for wildlife food, and an
assumpt ion  tha t  l i gh t -seeded spec ies  wou ld  na tu ra l l y
colonize these afforested sites. However, sites planted with
only heavy-seeded species are slow to develop vertical
forest structure, often requiring 7 to IO years to emerge
f rom the  compet ing  herbaceous  vege ta t ion .  Ver t i ca l  fo res t
structure is a key predictor of colonization by forest
breeding birds (Twedt and Portwood  1997, Wilson and
Twedt In Press).

‘Wildlife Biologist and Ecologist, USGS-Patuxent Wildlife Research Center, 2524 South Frontage Road, Suite C, Vicksburg, MS 39180,
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Figure l-Location of afforested study sites in which we provided
supplemental patches of fast-growing trees to enhance habitat for
forest birds.

When distance from existing seed sources (i.e., mature
trees) is ~100  m, woody species (both light- and heavy-
seeded)  are  ins ign i f i cant  invaders  (A l len  1990,  Wi lson and
Twedt In Press). This is particularly true in some areas of
the Mississippi Alluvial Valley where afforestation occurs
several km from extant forests and in areas no longer
subject to periodic inundation from flood events that
transport seeds. Lack of naturally invading early-
success iona l  t ree  spec ies  fu r the r  res t r i c t s  the  deve lopment
of vertical forest structure. Under these time and distance
cons t ra in t s ,  a f fo res ted  s i t es  may  rema in  i nhosp i tab le  to
colonizing forest avifauna for up to 20 years.

A further limitation on the rapid growth of trees on
afforested sites is that typically no weed control is provided
for these plantings. The lack of weed suppression, or any
o ther  in te rmed ia te  s i l v i cu l tu ra l  management ,  has  been
at t r ibu ted  to  l im i ted  f inanc ia l  and  personne l  resources .
However ,  subs tan t i a l  compe t i t i on  f rom weeds  may  i nduce
significant mortality of some species of fast-growing trees
(Ezell 1994). Given their inability to provide weed control,
managers are reluctant to risk increased tree mortality by
p lan t ing  suscep t ib le  spec ies .

Regard less  o f  wh ich  t ree  spec ies  a re  p lan ted ,  spec ies
must  be  compat ib le  w i th  on-s i te  edaph ic  and  hydro log ic
conditions. However, with species selections that match
site conditions, we believe that afforestation that
inco rpora tes  fas t -g row ing  t ree  spec ies  i s  more  conduc ive
than historical afforestation practices to colonization by
forest birds (Twedt and Pottwood 1997, Twedt and
Portwood, in press). Production of short-rotation woody
c rops , “under-planted” with other forest species, is one
agroforestry option that rapidly produces forest conditions.
Intercropping or alley cropping (i.e., growing agricultural
crops between tree rows) using wide (> 12 m) alleyways
represents  another  t rans i t iona l  agro fores t ry  management
option that is particularly suitable for converting large areas
of cropland  to forest. However, many land managers are
reluctant to adopt these progressive methods of
afforestation because of (1) an erroneous (in our opinion)
perception that the tree species commonly used in

agroforestry are not beneficial to wildlife, (2) continued
be l ie f  tha t  l i gh t -seeded spec ies  w i l l  na tu ra l l y  co lon ize
afforested sites, and (3) lack of resources to ensure
adequate weed control for newly established trees. As a
compromise step that could provide limited vertical
deve lopment  w i th in  s i tes  a f fo res ted  us ing  t rad i t i ona l
methods ,  we supp lemented  oak-domina ted  p lan t ings  on
bottomland sites with a series of systematically distributed
patches of fast-growing trees.

Through the addition of small patches (100 m*)  of eastern
co t tonwood  (Popuk~s  de l to ides)  and  Amer ican  sycamore
(flatanus  occident&s)  we sought to promote more rapid
development of vertical forest structure and more quickly
provide elevated sites for avian perches and nest
platforms. We predict that providing rapid vertical structure
for perching and breeding birds will increase the
recruitment of woody species that use birds as vectors for
seed d isseminat ion  and promote  more  rap id  co lon iza t ion
of afforested sites by forest birds.

Within this paper, we assess the survival and development
o f  supp lementa l  p lan ted  co t tonwood and  sycamore  a f te r
their first and second growing seasons. Additionally, we
assessed the effect of fertilization, four methods of weed
control applied at planting, and tree shelters on tree
surv iva l  and  deve lopment .

METHODS
Our study sites were agricultural fields, within the
Miss iss ipp i  Va l ley  and  ad jacen t  bo t toms,  schedu led  to  be
afforested during winter of 1997-98 or 1998-99. All study
s i tes  fo rmer l y  suppor ted  bo t tomland  hardwood  fo res ts .
Each site was planted predominately to oak following
traditional afforestation practices of the U.S. Fish and
Wi ld l i fe  Serv ice  and USDA Natura l  Resources
Conserva t ion  Serv ice .  However ,  because  res to ra t ion
ph i losoph ies  d i f fe red  among land managers  and because
of different soil and hydrology, additional species were
planted on some sites and included sweet pecan (Carya
illinoensis),  baldcypress (Taxodium distichuin),  persimmon
(D iospyros  v i rg in iana) ,  or  green ash (Frax inus
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Figure P-General distribution of 8 randomly assigned treatments (2
tree species x 4 weed control methods) applied to afforested study
sites to assess the effect of small patches of fast-growing trees
within oak dominated plantings.

pennsylvanica).  We planted supplemental tree patches on
a total of 40 sites (21 during 1998 and 19 during 1999;
figure 1). Sites were disked  or mowed before afforestation.

On all treated sites, we randomly applied different
treatments to 8 systematically distributed patches using a 2
x 4 factorial design (2 tree species x 4 weed control
methods). Our objective was to apply these treatments to
patches that were at least 50 m from field edges and
100 m apart (figure 2). However, restrictions imposed by
f ie ld  s i ze  and  d imens ions  o f ten  reduced  be tween pa tch
d is tance :  the  m in imum d is tance  be tween  pa tches  was
60 m.

Within each of the 8 treatment patches, we planted 12 trees
in a 3-tree  by 4-tree  grid (figure 2). Trees were 4m apart
within this planting grid. Eastern cottonwood was planted in
4 of the 8 patches whereas the other 4 patches were
p lan ted  w i th  Amer ican  sycamore .  These  spec ies  were
selected because they are often found on bottomland sites
dur ing  ear ly -success ion ,  and  because the i r  use  in
agroforestry within the Mississippi Alluvial Valley made
planting stock readily available. Planting stock was
obta ined  f rom commerc ia l  pu lpwood producers  (Crown
Vantage and Westvaco). We planted 30 centimeter (Crown

Vantage) and 45 centimeter (Westvaco) stem cuttings of
eastern  co t tonwood and 1  -year -o ld ,  bare- root  seed l ings
(Wes tvaco)  o f  Amer ican  sycamore .  Sycamore  seed l ings
were planted to the root collar as they were growing in the
seedbed.  All cottonwood stem cuttings planted on a site
were from the same source (Crown Vantage or Westvaco)
and were vertically inserted into the ground such that 1 to 3
inches  were  emergent  w i th  dormant  buds  fac ing  up .

Because survival of these fast-growing species is likely
enhanced when compet i t i on  f rom weeds  i s  reduced
(Krinard and Kennedy 1987),  we compared the effect of 4
different levels of weed protection. The 4 weed control
treatments were: (1) no weed control, (2) physical weed
bar r ie rs  us ing  commerc ia l l y  ava i lab le  wood f iber  mats  (RTI
Mu lch  Mats ,  Re fo res ta t ion  Techno log ies  In te rna t iona l )  o r
landscape fabric weed barriers (VisPore@  Tree Mats,
Treessen t ia ls  Company) ,  (3 )  s ing le  app l i ca t ion  chemica l
weed cont ro l  a t  p lan t ing  fo l low ing  prac t i ces  used and
recommended by  indust r ia l  pu lpwood producers ,  and (4)
combined  phys ica l  and  chemica l  weed con t ro l .

On 24 afforested sites (19 during 1997-98 and 5 during
1998-99)  we used both  wood f iber  and landscape fabr ic
weed barriers. Within the patches that received physical
weed control or both physical and chemical weed control
on these 24 sites, we protected one-half the trees (6 trees)
using wood fiber mats and the other half were protected
us ing  landscape fabr ic  bar r ie rs .  We used on ly  landscape
fabric barriers on the remaining 16 afforested sites.

Chemical weed control for cottonwood consisted of a
single spray at planting of a glyphosate contact herbicide
[Accord@] applied at a rate of 64 ounces/acre and a pre-
emergent herbicide [Goal 2XL@])  applied at a rate of 64
ounces /acre .  A  s im i la r  dua l  herb ic ide  t rea tment  was
app l ied  to  sycamore  pa tches  bu t  the  pre-emergent
herbicide was Oust@ applied at a rate of 4 ounces/acre.
Pre-emergent  herb ic ides  d i f fe red  be tween t rea tments
because o f  indus t ry  recommendat ions  and labe l
restrictions. Herbicides were applied only to the vicinity of
the planted patches and a small (- 4 m) buffer. This
application resulted in only about 0.1 ha per site treated
wi th  herb ic ide.

Because our objective was to achieve rapid vertical growth
of planted trees, we fertilized all supplemental trees on 23
randomly selected sites. On these sites, we buried a 10 g
fertilizer packet (18-6-6) or 10 g fertilizer tablet (20-I O-5)
adjacent to each planted tree.

Additionally, during 1998-99, we attempted to further
enhance growth and survival by placing l-m-tall (3-ft)
Super-tube@  tree shelters (Treessentials Company) around
2 trees within each supplemental patch of trees. The lower
edge of each tree shelter was below ground level and they
were held upright by 1.2 m tall bamboo stakes.

We assessed  surv iva l  and  deve lopment  o f  supp lementa l
trees after 1 and 2 growing seasons. During these
assessments, we classified each tree as alive or dead. For
each live tree, we measured basal diameter to the nearest
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Table l-Survival (percent), height (centimeters), and
basal diameter (millimeters) of American sycamore
(Platanus occidentalis) and eastern cottonwood (Populus
deltoides) planted in supplemental patches on afforested
bottomlands during 1998-1999 and 1999-2000

Survival or size Cot tonwood Sycamore

1”’  Year Survival 24.8 r 4.6 47.0 ir  4.7
1 Sf  Year Height 83.0 + 2.4 74.7 + 1 .I
1”’  Year  Basa l  D iameter 14.4 + 0.3 11.7 +  0.1
2nd  Year Survival of trees

alive after 1 year 52.0 A 6.8 76.9 +-  4.4
2nd  Year Height 112.7 c 3.3 109.2 + 1.6
2nd  Year Basal Diameter 21.8 + 0.5 16.9 + 0.3
Survival of re-planted trees 9.1 c 2.6 35.8 A 5.8
Survival of all trees

after 2 growing seasons 19.0 &  4.0 44.3 2 5.3

millimeter and tree height (highest live bud) to the nearest
cen t ime te r .

We rep lan ted  t ree  mor ta l i t i es  us ing  sub jec t i ve  c r i te r ia
within which we attempted to ensure >I live tree within
each supp lementa l  pa tch  w i th in  the  l im i ta t ions  o f  ava i lab le
planting stock. Survival of replanted trees was assessed
after I year (i.e., after the second growing season for the
or ig ina l  p lan t ings)  bu t  da ta  were  main ta ined separa te  f rom
data on our  or ig ina l  p lant ings.

ANALYSIS
Mean percent tree survival, mean tree height, and mean
basa l  d iameter  were  compared be tween fe r t i l i ze r
t rea tments  and  among the  8  spec ies -weed con t ro l
treatments using a split plot analysis of variance (ANOVA).
The 40 planted fields were the experimental units for
compar ing  fe r t i l i ze r  t rea tments  (WHOLE PLOTS)  whereas
the 8 patches of supplemental trees (SPLIT PLOTS) within
each field were the experimental units for comparing
spec ies  and  weed  t rea tments  (2  spec ies  x  4  weed

treatments x 40 sites = 320 experimental units). Individual
t rees  w i th in  each  p lan ted  pa tch  were  sub-sample  un i t s
w i th in  these  exper imenta l  un i t s .  Thus  mean he igh t ,  mean
diameter, and proportion of trees surviving within each
patch were the statistics compared. We applied an angular
t rans fo rmat ion  to  p ropor t ion  da ta  be fo re  sub jec t ing  to
ANOVA.

We wrote specific contrast statements within the context of
the ANOVA to compare between tree species and among
the weed control treatments within each tree species. We
assessed the effect of weed control treatments within each
of the 2 tree species by writing contrast statements to
compare (1) no weed control vs. the mean of the 3 weed
control treatments and (2) chemical weed control vs.
phys ica l  weed bar r ie rs .  Add i t iona l  con t ras ts  were  made
based  on  the  resu l t s  o f  these  compar i sons .

We used separa te  ana lyses  to  compare  weed bar r ie r  t ypes
and tree shelters. To compare weed barrier types we used
only data from the 96 patches where we applied both
landscape fabr ic  weed bar r ie rs  and  wood f iber  mu lch
mats. Similarly, we used data only from sites where tree
shelters were deployed to compare survival and height of
trees with and without shelters. Because survival data were
categorical, and because the few trees treated within any
individual patch (6 trees for barriers, 2 trees for shelters)
made computa t ion  o f  p ropor t ion  surv iva l  es t imates
unre l iab le ,  we used log is t i c  regress ion  to  compare  surv iva l
be tween weed bar r ie r  t ypes  and be tween t ree  she l te r
treatments. Thus, we assumed weed barrier types and tree
she l te rs  were  randomly  ass igned to  ind iv idua l  t rees .
However ,  we compared  t ree  he igh ts  be tween weed bar r ie r
types and between tree shelter treatments using ANOVA
wherein barrier type and shelter treatment were SPLIT plots
w i th in  each  spec ies -weed con t ro l  t rea tment  pa tch .

RESULTS
After two growing seasons, the mean number of surviving
supp lementa l  t rees  o f  the  96 or ig ina l ly  p lan ted was
26.6 +  3.6 per site. Five sites had no surviving trees and five
add i t iona l  s i tes  had ~10  l i ve  t rees .  The  max imum number
of surviving trees on any site was 81. Two sites were

Table 2-Mean survival (percent), tree height (centimeters), and basal diameter
(millimeters) of eastern cottonwood (Populus deltoides)  subjected to no weed
control (None), physical weed barriers (Physical), herbicide treatment of Accord
and Goal 2XL (Chemical), or a combination of physical weed barrier and herbicide
(Both) treatments when planted in supplemental patches on afforested bottom-
lands during 1998-1999 and 1999-2000. Second year survival is with respect to
those trees that were alive after one growing season. Height and basal diameter
are of live trees

Survival or Size None Phys ica l Chemica l B o t h

1”’ Year Surv iva l 17.5 f 4 . 5 29.6 + 5 . 5 26.5 rt 4 . 8 2 5 . 6 + 4 . 9
1”’ Year Height 66.5 + 9 . 2 75.4 rt 8 . 0 71.2 zt 9 . 0 7 9 . 9 + 8 . 8
1”’ Year Basa l  D iameter 12.2 + 1.4 13.6+ 1.3 12.6 f 1.5 1 3 . 7 + 1.2
2nd Year Surv iva l 47.8 + 10.3 64.5 i 8 . 4 53.9 + 8 . 4 5 4 . 4 + 7 . 4
2nd Year Height 81.7+ 1 2 . 9 85.0 + 10.2 94.8 + 10.5 1 0 3 . 2 -c 14.2
2nd Year Basa l  D iameter 18.2 + 1.6 18.2 A 1.3 18.5~ 1.3 2 0 . 8 + 1.5
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Table 3-Mean survival (percent), tree height (centimeters), and basal
diameter (millimeters) of American sycamore (Ratanus occidentalis)  sub-
jected to no weed control (None), physical weed barriers (Physical), herbicide
treatment of Accord and Goal 2XL (Chemical), or a combination of physical
weed barrier and herbicide (Both) treatments when planted in supplemental
patches on afforested bottomlands during 1998-1999 and 1999-2000. Second
year survival is with respect to those trees that were alive after one growing
season. Height and basal diameter are of live trees.

Survival or size None Phys ica l Chemica l B o t h

I*’  Year Survival 4 8 . 8 + 6 . 4 64.2 f 6 . 0 3 4 . 8 + 5 . 6 4 0 . 2 rt 5 . 4
1’  Year Height 6 9 . 2 + 4 . 1 76.9 c 4 . 4 6 2 . 3 c 6 . 4 5 9 . 4 + 3 . 9
l*’  Year  Basa l  D iameter 9 . 9 + 0 . 4 12.0 + 0 . 4 1 0 . 5 rt 0 . 8 11.3 + 0 . 5

2nd  Year Survival 7 6 . 7 c 6 . 6 87.7 c 3 . 8 5 7 . 2 i 8 . 3 7 8 . 7 + 5 . 9
2nd  Year Height 9 4 . 3 zt 8 . 0 108.9It 7 . 1 9 1 . 4 rt 8 . 1 9 8 . 0 c 4 . 9
2”d  Year Basal Diameter 13.8 c 0 . 9 17.1 It 1.0 1 4 . 5 t 1.2 1 5 . 6 iz 0 . 9

considered complete failures after the first year and were
not  rev is i ted  a f te r  the  second growing  season.

Fertilizer
Application of fertilizer did not effect tree survival
(F,,,= 2.01, P =0.16),  tree height (F,,38=  1.01, P = 0.32),  or
tree basal diameter (F,  38= 1.84, P = 0.18) after the first
growing season. This effect of fertilizer application was
consistent among the 8 factorial treatments with regard to
tree survival (F, 266= 0.77, P = 0.61),  tree height
i;.  214 = 1.02, P ‘=  0.42),  and tree basal diameter

,, 2,4  = 1.64, P = 0.13). The mean proportion of surviving
trees after the first growing season was 0.43 + 0.02
(x rt SE) when unfertilized and 0.31 r 0.02 when fertilized.
Tree height, however, was 60.9 rt 3.3 centimeter without
fertilizer and 70.3 +  2.9 centimeter with fertilizer. Similarly,
tree basal diameter was 10.6 rt 0.5 millimeter without
fertilizer and 12.0 f 0.5 with fertilizer. Although not
statistically significant, the greater height and basal
diameter of fertilized trees suggested that fertilization was
having a biological effect. If so, this effect was not
accentua ted  dur ing  the  second growing  season.  Ne i ther
tree height (F, ,5, = 0.58, P = 0.45) nor tree basal diameter
U= , ,5,  = 0.01, p = 0.93) differed between fertilizer treatments
aft&  2  g row ing  seasons .

Tree Species
We found significant differences in survival between tree
species (F, 266  = 62.7, P < 0.01) with 0.47 + 0.05 American
sycamore dnd  0.25 + 0.05 eastern cottonwood surviving
after the first growing season (table 1). Of the trees that
survived the first growing season, 0.77 + 0.04 of the
sycamore  remained a l i ve  a f te r  2  g rowing  seasons
whereas only 0.52 -t 0.07 of the cottonwood survived the
second growing season ( tab le  1) .  Surv iva l  o f  331 rep lan ted
sycamores (0.36 f 0.06) was markedly greater than
survival of 587 replanted cottonwoods (0.09 + 0.03) (table
1). After two growing seasons, a total of 741 sycamores
and 323 co t tonwoods remained a l i ve  w i th in  supp lementa l
pa t ches .

Despite differences in survival between tree species, mean
tree height did not differ between species after either the
first (F ,,,63=  0.08, P = 0.78) or second (F, ,5,  = 3.70,
P = 0.06) growing season (table 1). However, cottonwood
had greater basal diameters than did sycamore after the
first (F ,,,63=  3.96, P = 0.03) and second (F, ,5,=  15.90,
P < 0.01) growing seasons (table 1). Mean’tree heights
increased for both species between the first and second
grow ing  seasons  ( tab le  1 ) .  However ,  the  max imum t ree
height attained by any tree of 3.0 meters after 1 growing
season d id  no t  inc rease  a f te r  the  second growing  season
(3.0 meters).

Weed Control Treatments
Weed control near cottonwood (table 2) had a positive

effect on their first year survival (F, 266=  6.57, P = 0.01) but
did not effect mean tree height (F,,‘,63=  2.40, P = 0.12) or
mean basal diameter (F, ,63=  0.99, P = 0.32). Similarly,
second year survival of cbttonwood  (table 2) was greater
with weed control then without weed control (F, 266=  5.12,
P = 0.02) but weed control did not influence sedond year
height (F,  ,5,  = 0.76, P = 0.39) or diameter (F, ,5,  = 0.33,
P = 0.56): Physical and chemical weed contr&l  afforded
similar survival to cottonwood (F, 266=  0.58, P = 0.45) and
resulted in similar heights (F,  ,63=  0.32, P = 0.57) and
basa l  d iamete rs  (F ,  ,63= 0.39,’ P = 0.53). Further, we
detected no synergistic effect of the combination of
chemical and physical weed protection on first year survival
F ,,266=  0.23, P = 0.63).

For sycamore, the mean survival of patches with weed
control (table 3) did not differ from survival of untreated
controls after the first growing season (F, 266=  0.35,
P = 0.55) nor after the second growing season
F ,,266=  0.01, P = 0.91). However, this apparent lack of
benefit from weed control was the indirect result of extreme
d i f fe rences  in  surv iva l  be tween phys ica l  weed bar r ie rs  and
chemical weed control ((F,,,,,=  27.03, P <: 0.01). Indeed,
t rea tments  tha t  emp loyed  chemica l  weed  con t ro l  on
sycamore significantly increased tree mortality over
treatments where no herbicide was used (F, 266=  22.69,
P < 0.01). In contrast, physical weed barriers’ increased tree
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survival compared to untreated controls (F, 266=  6.97,
P < 0.01).

For surviving sycamore, neither height (F,, ,63=  0.06,
P = 0.80) nor basal diameter (F, ,63=  3.39, P = 0.07)
differed between the mean of ali weed control treatments
and the untreated control (table 3). However, in addition to
l im i t ing  surv iva l ,  chemica l  weed cont ro l  reduced t ree  he igh t
( tab le  3 )  compared  w i th  pa tches  o f  sycamore  where  no
chemica l  was app l ied .

Weed Barrier Type
Tree survival was similar (x2 = 0.34, P = 0.56) for trees
protected by wood fiber mulch mats (44 percent) and for
t rees  p ro tec ted  by  landscape fabr ic  weed bar r ie rs  (42
percent). Similarly, mean tree height did not differ
(F,,54=  0.73, P = 0.40) between trees protected with wood
fiber mats (68.3 t 3.5 centimeters) and those protected by
landscape fabr ic  bar r ie rs  (67 .5  + 3 .9  cen t ime te rs ) .

Tree Shelters
Unexpectedly, survival of trees protected with tree shelters
was significantly decreased (x2  = 105.55, P < 0.01) by the
addition of tree shelters. Only 26 percent of trees in
shelters survived compared to 33 percent of trees that were
not protected. Moreover, for those trees that did survive the
first growing season, protection within tree shelters did not
result in a significant increase in height over unprotected
trees (F, 48= 0.31, P = 0.57). After one growing season, the
mean height of trees protected by shelters was 85.8 it 5.8
cen t imeters  whereas  mean he igh t  o f  unpro tec ted  t rees
was 76.6 i: 4.1 centimeters.

DISCUSSION
Drought  cond i t ions  preva i led  dur ing  the  growing season o f
the 3 years of this study. Long-term average rainfall for
April-September in the Mississippi Alluvial Valley at Baton
Rouge, LA is 82 centimeters. During our study, rainfall for
this 6-month period was 58, 59, and 43 centimeters in
1998, 1999, and 2000, respectively. Physical weed barriers
not only limited competition with weeds for moisture but
a lso  he lped to  reduce mois tu re  loss  to  the  a tmosphere .
However, even with weed protection, survival of
supp lementa l  t rees ,  espec ia l l y  co t tonwood was  be low our
expec ta t i ons .

On sites where survival was adequate, vertical
development of both species did meet our expectations. In
particular, cottonwood on several sites approached 3 m (IO
ft) in height after the first growing season. Unfortunately,
these were generally the only vertical substrates within
these fields and thus, they were used extensively by white-
tailed deer (Odocolyis  virginiana) for browsing and more
detrimentally as rubs for their antlers. Rubbing against
these  sap l ings  invar iab ly  removed the  cambium and
thereby girdled the trees. Thus, during the next year, shoots
developed from below the girdled area (usually about 1
meter from the ground). In addition to starting re-growth far
be low the  prev ious  te rmina l  bud,  g i rd l ing  produced mul t ip le
competing stems. Because multiple stems compete for
resources, vertical development of any single stem was
reduced. Thus, our expectation of greatly increased vertical

deve lopment  dur ing  the  second growing season was not
real ized.

Because sycamores  tended to  be  smal le r  and  deve loped
many more  la te ra l  b ranches  dur ing  the i r  f i r s t  g rowing
season, deer rubbing of sycamore was not a significant
problem after the first growing season. However, after 2
g row ing  seasons ,  sycamores  were  incur r ing  the  same
damage f rom deer  rubb ing  tha t  co t tonwoods  p rev ious ly
received. Furthermore, it appears that girdling of stems by
deer will continue to be a recurring problem during tree
dormancy .

The effect of chemical weed control on sycamore survival
varied among sites but complete mortality of all trees and
herbaceous  vege ta t ion  w i th in  pa tches  t rea ted  w i th  Ous t
was  no t  uncommon.  We reca l ib ra ted  sp ray  equ ipment ,
verified application rate prior to planting, and took care to
avo id  spray ing  d i rec t ly  on  p lan ted seed l ings  dur ing  the
second year of our study but increased mortality of
sycamore  w i th in  t rea ted  pa tches  pers i s ted .  So i l  cond i t i ons ,
particularly soil PH, likely contributed to the excessive
mortality of sycamore associated with herbicide treatment.

Although we had hoped for greater survival of supplemental
trees, we believe that the ~10  trees that survived on 30 of
our 40 study sites will be adequate to assess the effect of
this technique on woody species diversity and avian
co lon iza t ion .  An  add i t i ona l  se t -back  was  the  sma l l  i nc rease
in vertical development after the first growing season.
However, surviving trees likely have established root
sys tems and  subs tan t ia l  i nc reased  g rowth  i s  l i ke ly  du r ing
the next 3 years. As we do not plan to evaluate woody
species diversity or bird response until 5 or 6 years after
establishment, this time frame should be sufficient to
provide supplemental trees that are well above the
herbaceous vegetation and much taller that the trees
p lan ted  v ia  t rad i t iona l  a f fo res ta t ion  methods .  Indeed,
observations by the author (DJT) indicate that
supp lementa l  pa tches  a re  obv ious  anomal ies  w i th in  these
otherw ise  homogeneous  f ie lds .  Add i t iona l l y ,  severa l  b i rd
nes ts ,  inc lud ing  a t  leas t  one  shrub  nes t ing  spec ies
(Orchard Oriole [Icferus  spurius]),  were built in
supp lementa l  t rees  dur ing  the i r  second growing season.
Therefore, we are hopeful that provision of these few
supp lementa l  pa tches  o f  fas t -g row ing  t rees  w i th in  the
context of large afforested sites will attract forest birds and
ultimately will yield a more species rich forest at maturity.

RECOMMENDATIONS
When ex tend ing  th is  concept  f rom research  to  opera t iona l
a f fo res ta t ion  p rac t i ce ,  we  recommend inc reas ing  the
number of species that are candidates for placement in
small patches. Additional species that could be planted in
supplemental patches include: honey locust (Gleditsia
triacanthos),  yellow poplar (Liriodendron  tulipifera),
sweetgum  (Liquidambar styraciflua),  or where non-native
species are acceptable, royal paulownia (faulownia
tomen tosa ) .  Because we p lan ted  eas te rn  co t tonwood and
American sycamore on all study sites, we made no attempt
to ensure tree species compatibility with soil type or
hydrology. However, planting only species that are
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compatible with site conditions should increase tree
survival.

To increase the likelihood that some trees will survive
within each supplemental patch, we recommend planting 2
or more tree species within each patch. Further, we
recommend prov id ing  p ro tec t ion  f rom weed compet i t i on
through use of weed barriers. Planting more than 12 trees
within a patch, for example 18 or 24 trees, increases the
probability that at least some of these trees will be
overlooked by deer and will exhibit substantial height
inc reases  be tween  years .
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BALDCYPRESS RESTORATION IN A SALTWATER
DAMAGED AREA OF SOUTH CAROLINA

William H. Conner and Mehmet Ozalpl

Abstract-Baldcypress (Taxodium disf ichum (L.) Rich.) seed was collected in 1992 from
nine different estuarine areas in the southeastern United States (Winyah  Bay, SC, Ogeechee
and Altmaha Rivers in GA, Loftin  Creek, FL, Ochlockonee River FL, Mobile Bay, AL, West
Pearl River, LA, Bayou LaBranche,  LA, and Lake Chicot,  LA) and planted in Clemson
University’s Hobcaw nursery in the spring of 1993. Germination ranged from a low of 16
percent for seed from FL to 58 percent for seed from NC. Seedlings were grown in the
nursery for two growing seasons, lifted, and planted in an area killed by saltwater intro-
duced by Hurricane Hugo’s (1989) storm surge. Half of the seedlings were protected with
tree shelters. Seedlings averaged 122 cm tall upon planting. Survival after 6 years was 99
percent. Height growth of seedlings in tree shelters was significantly higher than those not
in tree shelters for each year except during year 3. Among the seed sources, seedlings
from the Loftin  Creek, FL source have shown greatest growth, with and without protection,
for all growing seasons except the first year. After 6 years, average height of tree-shelter
protected seedlings was 393 cm while the average height of non-protected seedlings was
281 cm. Tree-shelters increased early growth of seedlings, but once they emerged from the
tree-shelter, growth differences between shelter and no-shelter treatments decreased and
seems to be more related to the degree of deer herbivory experienced by unprotected
seedlings.

INTRODUCTION
Low-lying coastal forested wetlands are particularly vulnerable
to saltwater intrusion. Subsidence and sea level rise along the
Northern Gulf of Mexico coast are causing increased flooding
and saltwater intrusion into freshwater areas (Guntenspergen
and others 1998). As a result, baldcypress (Taxodium
dist ichum  (L.) Rich.) and water tupelo (Nyssa  aquatica  L.)
forests are being killed (Allen 1992, Krauss and others 2000,
Pezeshki and others 1990). In addition, saltwater flooding
caused by storm surges can significantly alter forest commu-
nities (Conner 1993, Gresham 1993, Williams 1993),  and it
may take years before the forest recovers (Conner 1995).
Hurricanes are recognized as a normal part of the climatic
regime, and natural ecosystems have developed morphologi-
cally and ecologically to aperiodic disturbances (Conner and
others 1989, Pimm and others 1994). Hurricane wind damage
is related to storm intensity, duration, forest structure, and soil
conditions (Gresham and others 1991, Loope and others
1994). Forests generally recover quickly from wind damage.
However, areas impacted by saltwater intrusion may require
artificial regeneration in order to ensure adequate stocking. For
example, when Hurricane Hugo came ashore north of
Charleston, South Carolina on September 21, 1989, its storm
surge was estimated to be as high as 3 m at Georgetown
(Williams 1993). High winds and saltwater intrusion damaged
an estimated 1.8 million ha (about $1 billion worth of timber) of
South Carolina’s forests (Hook and others 1991, Marsinko and
others 1993).

Previous studies have shown some promising results
indicating that baldcypress may tolerate some degree of
salinity (O-8 ppt). Studies in Louisiana have shown that

substantial intraspecific variation in salt tolerance exists within
baldcypress populations (Allen 1994, Allen and others 1994,
Krauss and others 1998, Pezeshki and others 1995). These
studies were conducted under greenhouse conditions. The
only field study that could be found was that of Krauss and
others (2000),  who planted baldcypress seedlings grown from
seed collected in Louisiana, Mississippi, and Alabama.
Survival and growth of baldcypress seedlings varied signifi-
cantly among different salinity, hydrologic, and vegetative
combinations in areas impacted by saltwater intrusion, and
certain genotypes of baldcypress maintained greater height
growth when planted in degraded wetlandsThe  major
objective of this project was to determine if there are
baldcypress populations in the southeastern United States that
can survive and grow in saltwater damaged areas. A second-
ary objective was to determine whether or not using tree-
shelters would increase survival and height growth of planted
baldcypress seedlings.

MATERIALS AND METHODS
Hobcaw Forest is located 7 km southeast of Georgetown, SC
(figure 1). A portion of the forest on the western edge of the
property was damaged by saltwater intrusion when Hurricane
Hugo’s storm surge flooded the forest in September 1989. The
impacted forest was originally dominated by baldcypress. The
soil is a Hobcaw soil (fine-loamy, siliceous, thermic, Typic
umraquults), very poorly drained, and moderately permeable
with less than 2 percent slopes. Although high concentrations
of salinity were found in the site up to 30 months after the
hurricane (Williams 1993)‘  there was no detectable salinity at
the time of planting.

‘Professor, Baruch Institute of Coastal Ecology and Forest Science, Box 596, Georgetown, SC 29442; Graduate Student, Clemson
University, Department of Forest Resources, Clemson, SC 29634, respectively

Citation for proceedings: Outcalt,  Kenneth W., ed. 2002. Procaedings  of the eleventh biennial southern silvicultural research conference
Gen. Tech. Rep. SRS-48. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station, 622 p.
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Table l-Height (cm) of baldcypress seedlings from 9 seed sources after 6 growing seasons in a South Carolina
wetland forest damaged by Hurricane Hugo’s storm surge. See text for explanation of seed source code names.
Values in a row with unlike lower case letters are statistically different at an alpha level of 0.05

Year S C

1 9 9 5 142bc

1996 157c

1 9 9 7 172~

1 9 9 8 2 1 3 c

1999 257~

2 0 0 0 292c

EIA

147bc

164bc

178bc

2 2 7 b c

2 9 0 b c

3 3 0 b c

SGA

150ab

168bc

184bc

2 2 9 b c
2 7 7 b c

323bc

Seed  source

W F L S L A

137c 155a

164bc 175ab

181bc 195ab

2 2 8 b c 2 5 1 a b

288bc 316ab

347bc 3 6 9 a b

E F L

1 5 1 a b

1 8 1 a

2 0 6 a

2 7 3 a

3 4 5 a

4 0 7 a

CIA

142bc

160bc

181bc

2 2 6 b c

2 8 0 b c

321 bc

NGA A L

144bc 142bc

160bc 159bc

182bc 176bc

231 be 213~

291 bc 266~

3 4 6 b c 313bc

Baldcypress seeds were collected in November 1992 from
seven estuarine areas subject to tidal influence (Winyah  Bay,
SC=SC;  Ogeechee River, GA=NGA; Altamaha River,
GA&GA;  Flint River, FL=EFL;  Ochlockonee River FL=WFL;
Mobile Bay, AL=AL;  Bayou LaBranche,  lA=SLA)  and two
freshwater areas (West Pearl River, LA=ELA;  Lake Chicot,
LA=CLA)  (figure 1). Cones were collected from five trees at
each site, air-dried, crushed to separate the seed, mixed with
wet sand, and stored in plastic bags between 4 and 8 degrees
C for 90 days.

After stratification, the seeds were planted in the Hobcaw
nursery in the spring of 1993. After two growing seasons, the
seedlings were lifted and prepared for planting by cutting all
lateral roots off and cutting the tap root to approximately 23 cm

(Conner  and o thers  1999) .  The root -pruned seed l ings  were
wrapped in moist peat and transported to the field where they
were planted in an area killed by saltwater from Hurricane
Hugo’s storm surge. Tree shelters were placed on one half of
the seedlings. Height growth was measured each yearfrom
1995 to 2000. Statistical analyses of the data were done using
a completely randomized design for repeated measurements
with factorial arrangement between nine seed sources, two
tree-shelter treatments, and six growing seasons.

RESULTS
Survival rates for all seed sources was high. After six growing
seasons, survival for all trees was 99 percent. Only four trees
died during the study and all of them were non-sheltered trees.

Figure l-Map of the southern United States showing baldcypress seed collection sites and the South Carolina planting site.
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Figure 2-Average annual height growth (cm) of baidcypress
seedlings planted in South Carolina with and without tree shelters.
Error bars represent il  S.E.

After six growing seasons, average height of tree-shelter
protected seedlings was 393 cm while the average height of
non-protected seedlings was 281 cm. Growth of seedlings in
tree shelters was significantly greater than for non-shelter
seedlings except during the third growing season when both
sheltered and non-sheltered seedlings increased by an
average of about 17.8 cmlyr  in height (figure 2). Overall,
sheltered seedlings grew an average of 44.7 cm/yrwhile  non-
sheltered seedlings grew 25.4 cm/yr. All seedlings grew better
after the third growing season. During the first three growing
seasons, seedlings average growth was 20 cm/yr,  but growth
more than doubled for growing seasons 4 through 6.

Among seed sources, seedlings from east Florida (EFL) and
south Louisiana (SLA) have shown the greatest growth by an
average of 44.1 and 38.9 cm/yr, respectively. However, only
EFL seedlings grew significantly better than all other seed
sources (except those from SLA). The rest of the seed
sources exhibited similar growth rates, and they were not
significantly different from each other.

Growth differences were more readily noticeable in non-
sheltered trees than in sheltered ones (figure 3). Growth of the
non-sheltered EFL seedlings was significantly greater than all
others sources otherthan SLA. In the sheltered seedlings,
however, growth differences were less distinct. Although EFL
seedlings had the highest average annual growth rate, they

were not significantly greater than seedlings from ELA,
NGA, SLA, or WFL.

Final heights of seedlings after six growing seasons in the field
varied from a low of 292 cm for SC seedlings to a high of 407
cm for EFL seedlings (table 1). The EFL seedlings have grown
the best in the planted site for five of the six years measured.
During the first year, SLAseedlings  were the tallest (155 cm),
but not significantly so.

DISCUSSION
Coastal forests are increasingly being subjected to increased
flooding and salinity levels. The impact is widespread and can
be detrimental to these forests (Allen 1992, Conner 1994,
Pezeshki and others 1990). Previous studies have examined
species-level responses to salinity increases (Conner 1994,
Conner and Askew 1994, Conner and others 1997, McLeod
and others 1996) as well as family-level variations (Allen 1994,
Allen and others 1994, Krauss and others 1998, Pezeshki and
others 1995). Current research is aimed at finding and/or
improving the tolerance of baldcypress for use in restoration
projects in swamp forests damaged by saltwater intrusion
(Allen and others 1994, Krauss and others 2000).

Baldcypress has demonstrated significant intraspecific
variation in treatments as high as 8 ppt (Allen and others
1994),  but beyond that, mortality is likely (Conner and others
1997). Interestingly, genotypes of baldcypress with the
greatest amount of tolerance to salinity are not always found in
brackish water seed sources. Krauss and others (2000) found
that freshwater seed sources in their study were among the
top performers under saline conditions in terms of height
growth. The best performers in this study were from the more
brackish areas, even though the site retained no measurable
salinity.

Overall, all baldcypress seedlings from the nine sources in this
study had high survival rate and good height growth in the
saltwater damaged area. After six growing seasons, the area

2 I30 1 1~  Tree sheltered I

;;”  60
g 50.

6
Gmwing season

Figure 3-Average height growth of baldcypress seedlings with and
without tree shelters by seed source. Error bars are 1t1  S.E. and
different lower case letters represent a significantly signiticant
difference with an alpha level of 0.05
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shows signs of success with respect to restoration efforts
(i.e. planted seedlings are beginning to produce seed and
young seedlings were observed in the area around the
planted seedlings). These findings suggest that an
adequate stocking of baldcypress in this saltwater storm
surge damaged area has been accomplished through
planting. In addition, protecting young seedlings with tree
shelters improves early survival and growth and are
recommended in areas where herbivory might be a
problem.
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FIRST-YEAR EFFECTS OF PLASTIC TUBE
SHELTERS, WIRE CAGES, AND FERTILIZATION ON

PLANTED NUTTALL  OAK SEEDLINGS

Troy S. Taylor and Michael S. Golden’

Abstract-A Study was implemented in western Alabama to compare the growth and
survival of Nuttall  oak (Quercus  nuttallil)  seedlings using plastic tube shelters, wire browse
protection, fertilization, and control. A total of 324 Nuttail  oaks were planted at a bottomland
site in Greene County, Alabama. One-third of the seedlings were enclosed in 46inch  tall
opaque plastic shelters. One-third of the seedlings were encircled with 48-inch  tall wire
fencing. The remaining seedlings were left as control. Fertilization tablets were supplied to
one-half of all seedlings in each protection treatment. Black plastic mulch mats were utilized
with all seedlings to help suppress herbaceous weeds. Initial measurements on seedling
height and caliper growth were taken after planting in March 2000. First year growth
measurements were taken in January 2001 and will be remeasured each winter thereafter.
Plastic tube shelters stimulated both greater seedling height and diameter growth, compared
to the wire cages and control treatments. Furthermore, fertilized seedlings exhibited
significantly greater height growth and diameter growth compared to those without.
Incidence of animal browse was significantly reduced by the presence of seedling
protection devices.

INTRODUCTION
The reproductive characteristics of some of the most desir-
able timber and wildlife tree species, particularly the oaks,
create special problems in successfully reproducing them
after a harvest. Due to the thousands of mismanaged acres of
bottomland forests that exist in Alabama from past high-
grading, the oak component in many floodplains is scattered
and of poor quality. High-quality sites that have been harvested
commonly experience widespread oak regeneration failures.
This is a critical problem because the oak species group is
one of the major and more valued for the hardwood products
industry (Aust and others 1984). The failures range from
almost a complete loss of the oak component to a reduction in
the relative dominance of oaks in the stand when compared to
the composition of the pre-harvest stand (McGee and Loftis
1993). Sander and Graney (1993) report that although oaks
are among the most abundant overstory species in many
stands, they are often replaced in the reproduction that follows
harvesting because of lack of adequate oak advance repro-
duction. Obtaining adequate oak regeneration is especially
difficult on highly productive sites where understories are often
well developed and dominated by shade-tolerant species.
Often times advance oak regeneration is present in the
understory but is outgrown and shaded out by competitor
spec ies .

At all sizes, oaks do not survive and grow well in dense,
shaded conditions. Even in full sunlight, germinating seedlings
allocate much of their growth to their root systems in the first
few years and exhibit slow early height growth.

The paradox is  tha t  deve lop ing oak regenera t ion  on
productive sites has been difficult because stand prescrip-
t ions  tha t  encourage oak  regenera t ion  are  the  same
conditions which favor the development of potentially faster
g rowing  compet i to r  spec ies  (Korman ik  and  o thers  1995) .

A multitude of plant species are able to germinate in the open-
light conditions after a harvest on fertile floodplain soils. Many
of these have the potential to restrict oak reproduction by
creating conditions unfavorable to oaks. For high quality sites
that are prone to natural regeneration failures, artificial
regeneration can offer an alternative and viable solution. For
artificial regeneration to be successful in highly productive river
bottoms, some precautions need to be taken to ensure
seedling survival and growth. There are two factors that need
to be carefully considered when planting oak seedlings along
river bottoms in the South: (1) the faster growing competitor
species (vines, undesirable tree species, and herbaceous
weeds), and (2) the high population density of white-tailed deer
(Odocoileus  virginianus)  and, occasionally, of feral pigs as
well. To address these issues it is necessary to protect
seedlings from animal browse while at the same time creating
and environment conducive to seedling height growth.

OJECTIVES
The objectives of this study are to determine whether there are
differences in the growth, survival and animal browse intensity
on planted Nuttall  oak seedlings which have been subjected to
various combinations of plastic tube shelters, wire cages,
artificial mulch mats, and fertilizer tablets.
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METHODS/PROCEDURES
A recently cutover bottomland site was located north of
Demopolis in Greene County, Alabama, in the floodplain of the
Black Warrior River. Two planting areas were located at this
site and their boundaries were marked. In the spring of 2000, a
total of 324 Nuttall  oaks were planted in holes dug using a
portable gas-powered auger with a 6-inch bit. Three protection
treatments were utilized-plastic tube shelters, wire cages,
and control (no protection). One half of all seedlings of each
protection type were fertilized at the time of planting with two
1 O-gram fertilization tablets (20-l O-5). Approximately two cups
of water were applied to each seedling one week after planting
to aid in moisturizing the root systems due to a coincident
drought. After planting, seedling height and caliper (at 1 -inch
above groundline diameter) were recorded. In January of 2001,
seedling height and caliper were again recorded, and a
measure of browse intensity was documented. At the end of
the second growing season, seedling height and caliper will
once again be measured, and a portion of seedlings within
each protection and fertilization type will be excavated so that
differences in root biomass can be examined.

EXPERIMENTAL DESIGN
1-O Nuttall  oak seedlings were obtained from E.A. Hauss
Nursery in Atmore,  AL, and stored in refrigerated coolers until
planted in February, 2000.162 seedling pairs were planted at
the study site. Seedlings were planted at 20-ft by 20-ft  spacing.
Fertilizer application and seedling protection type were
assigned randomly. All protection/treatment combinations
were represented equally with 27 seedling pairs (54 total
seedlings) for each of the six combinations of protection and
treatment (plastic tube shelter, wire cage, control-with and
without fertilizer application.

RESULTS
General Linear Model analyses were used to examine the
relationships between treatment/protection type and first-
season seedling height and groundline diameter growth. The
first analysis was computed with height growth as the
dependent variable and protection and fertilization class as
independent variables. Results were significant: R-square =
0.5655, P = 0.0001 for protection and P = 0.0293 for fediliza-
tion. The interaction of protection type and fertilization was not
significant for seedling height growth.

The second analysis was computed with first-season
groundline diameter growth as the dependent variable and
protection and fertilization class as the independent variables.
Results were significant: R-square = 0.1431, P = 0.0009 for
protection and P = 0.0010 for fertilization. The interaction of
protection type and fertilization was not significant for seedling
groundline diameter growth.

For seedling height growth, Duncan’s Multiple Range Tests
indicated significant differences among the means of protec-
tion type used. The use of plastic tube shelters stimulated
greater height growth among seedlings than either the use of
wire cages or control (table 1). There were no significant
differences between seedling mean height growth of either
wire cages or the control seedlings. Additionally, there were
significant differences in seedling height growth for fertilizer
application. Fertilized seedlings exhibited significantly greater

Table l-Mean first-season height and diameter growth by
protection type and fertilizer use. Protection types are as
follows: S - plastic tube shelter, W -wire cage, C - control, no
protection. Means followed by the same letter within the same
column are not significantly different at the alpha = 0.05 level

Pro tec t ion Mean height Mean GLD
type N growth (cm) growth (cm)

S 5 4 50.06a 4.51a
W 5 4 11.74b 3.69b
C !-A 6.78b 3.28b

Fertilization Mean height Mean GLD
appl ica t ion N growth (cm) growth (cm)

yes
n o

8 1 25.90a
8 1 19.8213

4.27a
3.38b

height growth in the first growing season than those
unfertilized (figure 1).

For seedling groundline diameter growth, there were also
significant differences among the means of protection types
used. The use of plastic tube shelters stimulated greater
groundline diameter growth than seedlings utilizing wire cages
or the control group (table 1). There were no significant
differences between the mean diameter growth of seedlings of
the wire cages and control seedlings. Fertilized seedlings
exhibited significantly greater groundline diameter growth in the
first growing season than those unfertilized (figure 2).

Seedlings protected by either the opaque plastic tube shelters
or the wire cages experienced very little damage due to
browse, and then only if the terminal bud had protruded

_. . . , . .--
M w/o f utilizer I
fX2  F e r t i l i z e r  :
~. _-.--  ._..  i

/
- - - - -  ---___ F-------

i
_.

0
COF;TROL WIRE CAGE TlJf?F  SHE! T F ?

Protect:or! Type

Figure l-Mean height growth of Nuttail  oak seedlings by
protection type after one growing season.
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CONTROL WIRE  CAGE TLBE  SHELTER
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Figure 2-Mean GLD growth of Nuttall  oak seedlings by protection
t y p e  a f t e r  o n e  g r o w i n g  s e a s o n .

through the top of the protection device. In contrast, 95.4
percent of the unprotected (control) seedlings were damaged
by animal browse of some type and no longer retain their
terminal buds. Of these, 28.2 percent of seedlings sustained
browse heavy enough to cause extensive forking along the
bole while 67.2 percent have only been slightly browsed (figure
3).

CONCLUSIONS
The 48-inch tall opaque plastic shelters stimulated both
greater seedling height and groundline diameter growth
compared to those enclosed in wire cages or those in the
control treatments. Also, fertilized seedlings exhibited signifi-
cantly greater seedling height growth and groundline diameter
growth compared to those utilizing no fertilizer. Incidence of
animal browse was significantly reduced by the presence of
seedling protection devices.
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EFFECTS OF LIGHT REGIMES ON l-YEAR-OLD
SWEETGUM  AND WATER OAK SEEDLINGS

Yanfei Guo, Michael G. Shelton, and Hui Zhang’

Abstract-Light regimes vary significantly within small forest openings, ranging from full
sunlight to total shade. This may affect establishment, early growth, and competitive status
of hardwood seedlings. We used modified shadehouses to simulate light conditions within
forest openings and to test the effects of daily photosynthetically active radiation and time
of direct light exposure on growth of sweetgum  (Liquidambar  sfyraciflua  L.) and water oak
(Quercus  nigra L.) seedlings. The study was a split-plot design in a completely randomized
block layout with four replicates. The five light regime treatments representing the time of
exposure to direct sunlight were NO, NOON, MORNING, AFTERNOON, and FULL. Green-
house-raised sweetgum  and water oak seedlings were planted in the treatment plots at a
0.3 x 0.3 meter spacing in early May 2000. Height, groundline diameter, and leaf surface
area were determined at the end of the first growing season. Growth for both species
generally increased with the amount of direct sunlight received. For treatments receiving
some direct sunlight, sweetgum  and water oak were the same height at the end of the
growing season. However, sweetgum  was 35 percent taller than water oak in the fully
shaded treatment. For sweetgum, surface area of the average leaf was significantly larger
in the fully shaded treatment than in other treatments, but no treatment differences occurred
for surface area in water oak. Results suggest that sweetgum  seedlings are more adaptive
to low light levels than water oak seedlings during the first year of development.

INTRODUCTION
Oak seedlings are shade intolerant to intermediately
intolerant and do not grow well under a closed forest canopy
(Smi th  1992) .  Once advanced oak  reproduc t ion  i s  es tab-
lished, seedlings need adequate light to grow faster than
compet ing  vegeta t ion  (Minck le r  1957,  Bey  1964,  Sander
1972, Johnson 1979). Light conditions under a canopy can
be complex; direct and partial sunlight may reach seedlings
during certain times of a day, but seedlings may be fully
shaded at other times. A complex light regime with fluctuat-
ing periods of direct and indirect sunlight is difficult to mimic
but may strongly affect seedling establishment and growth.
Gardiner and Hodges (1998) used shadehouses to study the
effect of various light conditions on cherrybark oak (Quercus
pagoda Raf.) seedlings and found that height of 2-year-old
seedlings was greatest with 27 and 53 percent of full
sun l igh t .  Ground l ine  d iameter  showed a  s imi la r  pa t te rn ,
except that it was greater with 53 percent of full sunlight than
with 27 percent. Similar results have been reported by
others (Kolb and Steiner 1990a,  1990b;  Gottschalk 1994).

Sweetgum  (Liquidambar styraciflua  L.) and water oak (Q.
nigra  L.) are widely distributed in the southeastern United
States and have a very similar range (Kormanik 1990; Vozzo
1990). Both species are commercially important within the
region. Sweetgum  is a rapidly growing, pioneer species
while water oak is a medium-sized rapidly growing species.
Sweetgum  and water oak are potentially major competitors
because  o f  the i r  common occur rence .  We hypo thes ized

that timing and amount of photosynthetically active radiation
(PAR) would affect the growth and characteristics of
sweetgum  and water oak seedlings. To test this hypothesis,
we designed a non-traditional type of shadehouse to
simulate the light conditions occurring within small forest
open ings .  Each shadehouse had sec t ions  tha t  had no
shade cloth on top, which allowed direct sunlight to reach
seedlings during different times of day. Applying the
methods of Marquis (1965) and Satterlund (1983),  we
calculated the length of time seedlings were exposed to
direct sunlight and tested the hypothesis that the timing and
amount of direct sunlight and daily PAR affected seedling
growth.

METHODS
The study site was located in Drew County, AR in the West
Gulf Coastal Plain. The soil is an Amy silt loam (Typic
Ochraquults). Site index for sweetgum  and water oak is
about 26 meters at 50 years. Before the study was estab-
lished, the area was an open field, but native vegetation is
classified as mixed pines and hardwoods (Larance and
others  1976) .  Annua l  p rec ip i ta t ion  averages 134 cent ime-
ters, with most occurring in winter and early spring.

The study was a split-plot design in a completely random-
ized block layout with four replicates. The main plot was
exposure to direct sunlight, and subplot was tree species.
With the shadehouses oriented toward north, five light
regimes were created based on when direct sunlight
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Figure l-Layout of a modified shadehouse used to create different
light regimes for sweetgum  and water oak seedlings.

occur red :  mos t l y  in  the  morn ing  (MORNING) ,  a round  noon
(NOON), mostly in the afternoon (AFTERNOON), all day
(FULL), and at no time (NO). Shade for the MORNING and
AFTERNOON treatments came from the vertical walls (2.4
m tall) of the NOON treatment (figure 1). All shade cloth
provided 20 percent of full sunlight. The shadehouse for
the NO treatment had shade cloth on the top and all sides
except for the lower half of the north side. The NOON
treatment only had vertically-oriented shade cloth on the
north, east, and west side. The treatments were intended
to represent the light conditions occurring within a small
forest opening: FULL at the center of a large opening, NO at
the south end, MORNING at the western edge, AFTER-
NOON at the eastern edge, and NOON at the center and
nor thern  edge o f  smal le r  open ings .

Seeds from about 20 open-pollinated trees for each species
were collected in Drew County, AR in November 1999, float
tested, and stored in a refrigerator at 4 degrees Centigrade.
Seeds were stratified for 30 days before germinating in a
peat -vermicu l i te  mix tu re  under  g reenhouse cond i t ions  in
mid-February. Seedlings were field planted during early May
2000.

Twelve seedlings of each species were planted in each plot
with a 0.3 x 0.3 meter spacing in six rows by four columns or
four rows by six columns for a total of 480 seedlings in the
study. Two seedlings of each species were randomized
within each row or column containing four seedlings. During
the first month after the planting, we replaced dead seed-
lings with live seedlings of the same species. Weed-free

c lo th  was  used  to  p reven t  herbaceous  p lan t  compet i t i on
within the beds. Herbaceous vegetation outside of the
beds was per iod ica l l y  cont ro l led  w i th  a  fo l ia r -app l ied
herbic ide. Seedling beds were irrigated to field capacity
about weekly from July to September 2000 because of
severe  d rought  cond i t ions .

A LI-190SA  quantum sensor (LI-COR, Inc. Lincoln, NE) was
installed in each treatment of one shadehouse. The
calibrated sensors allowed determination of mean PAR for
each treatment. PAR was automatically recorded by a LI-
1000 data logger (LI-COR, Inc. Lincoln, NE) at a 15minute
interval for 2 days a week beginning in July and ending in
early October 2000. The average PAR for each 15minute
interval was calculated for each treatment over the monitor-
ing period, and total daily PAR was computed by adding all
the measurements for the average day. Air temperature of
one shadehouse was moni tored by  HOBO Pro Ser ies
tempera ture  da ta  loggers  (Onset  Computer  Corpora t ion ,
Pocasset, MA) throughout the growing season at 5minute
intervals. Temperature sensors were located 30 centimeters
above the ground and were protected by white-plastic
radiation shields. Soil moisture was monitored by Moisture
Point probes (Gabel Corporation, Victoria, Canada) in each
bed of all shadehouses. Soil moisture was determined
about 7 days after irrigating to field capacity from July to
ear ly  October  2000.

Seedl ing he ight  and groundl ine d iameter  were measured in
October 2000. Forty-eight fully developed leaves from each
species and bed were randomly collected, and leaf area and
dry weight were determined. Analysis of variance for a split-
plot design was conducted on height, groundline diameter,
leaf characteristics, and soil moisture using SAS procedure
GLM (SAS 1990) .  L igh t  reg ime t rea tments  were  ma in
effects, and species or soil monitoring depth were
subeffects. Replicates for height and diameter were the
means for the 12 seedlings of each species in each bed of
the four shadehouses, while replicates for leaf characteris-
tics were the means of 48 leaves per species from each
bed. Replicates for soil moisture were the means of eight
measurements made at a specific depth for each bed from
July to early October. Significance was accepted at CI=  0.05.

RESULTS AND DISCUSSION
The light regimes affected when and how much direct
sunlight the seedlings received, and this was reflected in the
amount of PAR. The shadehouses created a 3.2-fold
difference in PAR across all treatments, and mean daily
value was as follows: NO (IO), NOON (19)  MORNING (27)
AFTERNOON (28),  and FULL (32 moles per square meter
per day). Treatments also differed in mean duration of direct
sunlight exposure at ground level from May through October:
NO (0.0) NOON (3.4)  AFTERNOON (8.5),  MORNING (8.4)
and FULL (13.0 hours per day).

Air temperature during the day reflected the exposure of
beds to direct sunlight (figure 2). In the morning, only the
MORNING and FULL treatments received direct sunlight,
and this elevated air temperature by 1 .O degree Centigrade
over shaded treatments. At noon, all treatments except the
NO treatment were in direct sunlight, and air temperature
was elevated by an average of 2.4 degrees Centigrade. In
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Table l-Effect of light regime on the mean properties of
leaves of sweetgum  and water oak seedlings at the end
of the first growing season

Direct sunlight Weight Area Specific leaf area
exposure (g/leaf) (cm*/leaf) (cm*&)

NO
NOON
M O R N I N G
AFTERNOON
FULL

NO
NOON
M O R N I N G
AFTERNOON
FULL

_______________ Sweetgum  ._______-_-__
0.30 59 195
0.33 48 148
0.31 39 125
0.31 39 126
0.35 36 105

_______________ Water oak  _______________
0.11 14 136
0.14 17 122
0.15 16 109
0.13 14 106
0.16 15 9 9

the  a f te rnoon ,  the  FULL  and  AFTERNOON t rea tmen ts  were
the only treatments in direct sunlight, and their temperature
was 1 .5  degrees  Cent ig rade h igher  than  the  t rea tments  in
shade.

Water utilization was also affected by exposure to direct
sunlight (figure 3). Approximately 7 days after watering to
field capacity, volumetric moisture content of the soil was
lowest for the FULL treatment and highest for the NO
treatment for all monitored depths. Most of the water was
apparent ly  t ransp i red  because the  weed- f ree  c lo th  and
mulch greatly reduced soil evaporation. The differences
among l igh t  reg ime t rea tments  and depths  were  s ign i f i can t
for soil moisture (PcO.003)  but their interaction was not
(P=O.16).

There was no difference in seedling mortality among the
treatments, which averaged less than 1 percent for both

I NO I3 NOON •Y MORN. PI AFTER. Cl FULL
40 1

1600
Central Standard Time (hr) Di rec t  s u n l i g h t  e x p o s u r e

Figure 2-Effects of exposure to direct sunlight on mean air Figure 4-Effects of exposure to direct sunlight on mean height and
temperature in the morning, at noon, and in the afternoon from July groundline diameter (plus one standard error) of sweetgum and
through October. water oak seedlings at the end of the first growing season.
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Figure 3-Effects of exposure to direct sunlight on the mean
volumetric moisture content of the soil at four monitoring depths
approximately 7 days after watering to field capacity from July to
e a r l y  O c t o b e r .

sweetgum  and water oak after the termination of replanting.
L ight  reg ime a f fec ted he igh t  and ground l ine  d iameter  fo r
both species (figure 4). There was no difference between
the two species for height (P=O.34),  but the species differed
for diameter (P=O.OOOl).  Light regime and species
interacted significantly for height (P=O.O3),  but did not
interact significantly for groundline diameter (P=O.38).
Seedl ing  he ight  and ground l ine  d iameter  o f  both
sweetgum  and water oak generally increased with
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increasing exposure to direct sunlight. For both species,
the most distinctive difference for height was between the
NO treatment and the other treatments which received
some direct sunlight exposure. With some direct sunlight,
there was little difference between the height of sweetgum
and water oak, but sweetgum  was 35 percent taller than
water oak for the NO treatment. Sweetgum  consistently
had larger groundline diameters than water oak. We
observed that water oak would temporarily bend over
because of its slender stem when leaves were wet. The
difference in height and groundline diameter growth of
sweetgum  and water oak probably reflects some inherent
difference in the early growth pattern of the two species.

Leaf morphology also reflected the differences in exposure
to direct sunlight (table 1). For surface area, weight, and
specific leaf area (SLA), significant differences occurred for
both species and light regime treatments (P~0.01).  The
interaction of species and light regimes was significant for
area and SLA (f=O.OOOl)  but not for weight (EO.74).  The
leaves of sweetgum  were much larger than those of water
oak, by an average of 2.2 times for weight and 2.9 times for
area. The SLA of sweetgum  and water oak was the same
for the FULL treatment (about 100 square centimeters per
gram), but the SLA of sweetgum  exceeded that of water oak
when direct sunlight exposure declined. For the NO
treatment, the SLA of sweetgum  exceeded that of water oak
by 43 percent. Water oak appeared to be less adaptive to
reduced exposure of direct sunlight than sweetgum.

CONCLUSION
Although light regime did not affect survival, seedlings
exposed to full or partial direct sunlight had higher growth
rates during the first growing season than seedlings that did
not receive direct sunlight. Thus, the size of forest openings
or overstory coverage will be important to provide adequate
d i rec t  sun l igh t  exposure  fo r  seed l ing  deve lopment .  By
producing leaves with a higher SLA, sweetgum  appeared to
be more adaptive to increasing levels of shade than water
oak. Thus, early results of our study suggest that high levels
of sunlight are important for water oak to be competitive with
sweetgum, especially in early height growth. Since the
highest levels of shade occur along the southern edge of
small forest openings, this is where water oak will be at a
compe t i t i ve  d i sadvan tage  w i th  swee tgum.  The  wa te r -use
efficiency was less for treatments receiving high levels of
direct sunlight, and the results of our study may have been
different had we not controlled competing herbaceous
vegetation or provided supplemental water.
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